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Introduction {#sec007}
============

Globally the rate of opioid use disorder (OUD) has been rising at an alarming rate, and the opioid-related overdose crisis is now considered a major global challenge, associated with high rates of morbidity and mortality \[[@pmed.1003002.ref001]\]. Unprecedented levels of opioid use and misuse and related health harms (e.g., hospitalizations, treatment admissions, overdose fatalities) have been reported worldwide in recent years, but have been most extensively documented in North America \[[@pmed.1003002.ref001]--[@pmed.1003002.ref004]\].

The pervasive general population trends of OUD and the opioid-related overdose crisis disproportionately affect criminal-justice-involved populations \[[@pmed.1003002.ref005],[@pmed.1003002.ref006]\]. It is estimated that more than one-fourth of people with OUD in the United States pass through prisons and jails every year \[[@pmed.1003002.ref007]\]. Worldwide, the United Nations Office on Drugs and Crime reports that 10% of incarcerated individuals have used heroin at some point during incarceration, with one-third reporting current (i.e., past month) use while incarcerated \[[@pmed.1003002.ref008]\]. Similarly, individuals who used opioids prior to their incarceration often report continued use during the course of their incarceration \[[@pmed.1003002.ref009]\]. A report from the US Department of Justice indicated that the percentage of US-state-incarcerated individuals with a diagnosis of drug dependence or abuse is 14 times higher than that of the general population (4%) \[[@pmed.1003002.ref009]\]. A meta-analysis conducted by Fazel et al. \[[@pmed.1003002.ref010]\] estimated a pooled prevalence of 30% and 51% for substance use disorders among incarcerated males and females, respectively, and revealed an overall increasing trend in the prevalence of substance use disorders among incarcerated individuals during recent decades.

Problematic substance use is associated with a range of harmful effects, including the likelihood of continued involvement with the criminal justice system \[[@pmed.1003002.ref011]\] related to the societal responses to substance use, often centered on punishment and mass incarceration \[[@pmed.1003002.ref012]\] rather than public health interventions, including harm reduction strategies and opioid agonist treatment (OAT) \[[@pmed.1003002.ref013]\]. Adverse health effects are also exacerbated when individuals have little control over their environment, such as in a correctional institution \[[@pmed.1003002.ref014]\]. Opioid-related overdose is a leading cause of death among the correctional population, during or after incarceration \[[@pmed.1003002.ref005],[@pmed.1003002.ref006],[@pmed.1003002.ref015]\]. In the first few weeks after release from incarceration, individuals are at an increased risk of opioid use relapse and opioid-related overdose, likely higher when riskier patterns of substance use are adopted and in the absence of proper OAT or with treatment discontinuation \[[@pmed.1003002.ref005],[@pmed.1003002.ref006],[@pmed.1003002.ref016]\].

Furthermore, incarcerated individuals who use opioids may further engage in high-risk behaviors such as needle sharing and/or reutilization, thus increasing the risk of acquiring blood-borne infections (e.g., HIV, hepatitis C) \[[@pmed.1003002.ref001],[@pmed.1003002.ref007],[@pmed.1003002.ref017],[@pmed.1003002.ref018]\]. These factors compound and contribute to incarcerated individuals' disproportionately worse health status relative to the general population \[[@pmed.1003002.ref010],[@pmed.1003002.ref012]\].

Among the general population with diagnosed OUD, OAT is highly effective \[[@pmed.1003002.ref019]\]. OAT decreases the rates of opioid use relapse and transmission of HIV and other blood-borne infections, reduces opioid-related and all-cause mortality \[[@pmed.1003002.ref020]\], and is associated with a broad range of personal and social gains, such as improvements in employment rates and better family functioning \[[@pmed.1003002.ref014]\].

In spite of the disproportional burden of OUD among incarcerated populations, and the well-known benefits of OAT, interventions to address OUD-related risks and harms among this population have been limited \[[@pmed.1003002.ref021]\]. Few criminal justice facilities routinely and adequately screen their populations for OUD, and a smaller percentage provide OAT for incarcerated individuals with diagnosed OUD \[[@pmed.1003002.ref012],[@pmed.1003002.ref013]\]. Significant barriers to adopting and routinizing OAT in correctional institutions exist, and concerns range from medication diversion and safety to constraints related to organizational resources, prohibitive legislations, and continuity of care \[[@pmed.1003002.ref022],[@pmed.1003002.ref023]\].

Several potential linkage points throughout the criminal justice continuum exist, providing opportunities to screen individuals for OUD and overdose risk, and to provide prevention and treatment interventions (e.g., during law enforcement interactions, court hearings, incarceration, community re-entry, and community supervision, such as parole and probation) \[[@pmed.1003002.ref011]\]. Interventions can also be adapted to each step of the continuum, reflecting the different capabilities and programming needs of different correctional institutions \[[@pmed.1003002.ref013]\]. As such, correctional institutions present a unique opportunity to provide prevention, treatment, and post-release support for incarcerated individuals with OUD, thereby encouraging positive health and community reintegration outcomes post-release \[[@pmed.1003002.ref012],[@pmed.1003002.ref013],[@pmed.1003002.ref024],[@pmed.1003002.ref025]\].

As problematic opioid use and its related harms continue to inflict a major public health burden on many regions, especially North America \[[@pmed.1003002.ref001]\]---and disproportionately so among correctional populations \[[@pmed.1003002.ref026]\]---a comprehensive and timely examination of the extant international literature is warranted in order to inform effective program and policy measures that sufficiently address the complex needs of incarcerated opioid-involved individuals \[[@pmed.1003002.ref012],[@pmed.1003002.ref013]\]. The objective of this systematic review was to assess opioid-related interventions delivered during and after incarceration among adult correctional populations. Previous reviews have assessed the effectiveness of various opioid-related intervention modalities among correctional populations \[[@pmed.1003002.ref025],[@pmed.1003002.ref027],[@pmed.1003002.ref028]\]. However, the present systematic review is the first to our knowledge to systematically review the literature to assess the effects of both treatment-based (e.g., methadone, buprenorphine \[BPN\], naltrexone) and preventive (e.g., naloxone \[NLX\]) opioid-related interventions delivered during and after incarceration among adult correctional populations. The study addresses the impact of the opioid-related overdose crisis and highlights effective public health strategies developed and evaluated among a highly disenfranchised and frequently forgotten population: incarcerated persons with OUD.

Methods {#sec008}
=======

Search strategy {#sec009}
---------------

We identified all peer-reviewed original research articles in which opioid use interventions delivered to adult correctional populations were evaluated. The search strategy was developed by an experienced health science librarian (SB), and included studies published between January 1, 2008, and December 31, 2018. After initial peer review, the search was updated to October 17, 2019. The search did not include studies published before 2008 to avoid replication of findings from previous systematic reviews with similar objectives \[[@pmed.1003002.ref025],[@pmed.1003002.ref027]--[@pmed.1003002.ref031]\].

This present systematic review adheres to the guidelines outlined by the Cochrane Collaboration \[[@pmed.1003002.ref032]\]. Results are reported according to the PRISMA 2009 checklist \[[@pmed.1003002.ref033]\] ([S1 PRISMA Checklist](#pmed.1003002.s003){ref-type="supplementary-material"}). The review was submitted to PROSPERO ([S1 Prospero Registration](#pmed.1003002.s004){ref-type="supplementary-material"}), an international prospective registry of systematic reviews (registration \#135900). The initial search strategy was developed in MEDLINE and combined relevant MeSH terms and keywords regarding opioid use interventions (e.g., opiate substitution treatment, buprenorphine, methadone, naltrexone, naloxone) among incarcerated and post-incarceration populations (i.e., jail, prison, offender, detention, imprison, post-incarceration) that use opioids (i.e., opioid-related disorders, opiate, opioid). The complete MEDLINE search strategy is described on [S1 MEDLINE Search Strategy](#pmed.1003002.s002){ref-type="supplementary-material"}. Detailed search strategies were subsequently developed and revised for each individual database, based on the initial MEDLINE search strategy. Reference lists of all articles selected for inclusion in the review were also scanned for additional relevant studies. The search included the following scientific literature databases: Criminal Justice Abstracts, Embase, MEDLINE, National Criminal Justice Reference Service (NCJRS), PsycINFO, Scopus, and Web of Science. Bibliographic references were managed using the software EndNote X9.

Inclusion/Exclusion criteria {#sec010}
----------------------------

The review included studies conducted among adult participants who (1) were opioid users at the time of the study and/or had been diagnosed with OUD prior to or during incarceration and (2) were incarcerated or recently released into the community (≤90 days post-incarceration). Studies were excluded if participants were (1) not opioid users, (2) using opioids for medical purposes (not including for OUD), (3) released from incarceration for more than 90 days, (4) on probation or parole at the time of the study, or (5) involved in drug treatment court or other diversion programs. Only studies involving opioid use interventions (i.e., addiction treatment, relapse, or overdose prevention) for adults provided during incarceration or within 90 days post-incarceration were included for final review. Exclusion criteria were developed to select studies directly addressing the impact of providing OAT or opioid-overdose prevention (e.g., NLX) to incarcerated or recently released persons. Studies reporting the following intervention outcomes were included: mortality (e.g., all cause, opioid related), outcomes related to opioid addiction treatment (e.g., relapse, retention, withdrawal), and recidivism (e.g., re-incarceration, arrest). Studies presenting only cost-effectiveness analyses, opioid treatment impact on blood-borne and/or sexually transmitted infections, or self-screening or individual's subjective experiences/feelings/attitudes towards opioid treatment were excluded.

Data extraction and analysis {#sec011}
----------------------------

Two reviewers (CR and TV) independently screened all articles in a 2-step screening process---first screening the titles/abstracts followed by the full-text articles. When consensus could not be reached among reviewers, a third reviewer (MM) became involved to resolve standing conflicts.

Relevant information was extracted and inputted into a standardized form, which included the following information: year of publication, location and setting of study, sample size, population characteristics (age, sex, and ethnicity), study design, intervention description, and study outcomes. All eligible studies were assessed for quality using the Joanna Briggs Institute Critical Appraisal Tools \[[@pmed.1003002.ref034]\].

Results {#sec012}
=======

From the initial search, 2,356 unique peer-reviewed articles were identified. Of these, there was perfect agreement between reviewers on the eligibility of 186 articles, and the ineligibility of 2,170 abstracts that failed to meet the study inclusion criteria. At second screening, a total of 140 articles ([S1 List of Manuscripts Excluded](#pmed.1003002.s001){ref-type="supplementary-material"}) were excluded for the following reasons: (1) were reviews, editorials, comments, or study protocols; (2) studied non-incarcerated individuals with OUD; (3) did not evaluate an opioid use intervention delivered during incarceration or within 90 days post-incarceration; and/or (4) reported duplicate results. Agreement on full-text screening was close to perfect. Ultimately, 46 original articles were deemed eligible for data extraction ([Fig 1](#pmed.1003002.g001){ref-type="fig"}).

![Flow diagram of search strategy (2008--2019).](pmed.1003002.g001){#pmed.1003002.g001}

Study characteristics {#sec013}
---------------------

Characteristics of the 46 identified studies are summarized in [Table 1](#pmed.1003002.t001){ref-type="table"}. While the search included articles published in any language, all identified studies were published in English, and nearly all were conducted in high-income countries. Thirty studies were conducted in North America (US, 27; Canada, 3), 9 were conducted in Europe (United Kingdom, 7; France, 1; Norway, 1), and 7 were conducted in Asia/Oceania (Australia, 4; Malaysia, 2; Taiwan, 1).
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###### Characteristics of included studies, 2008--2019.

![](pmed.1003002.t001){#pmed.1003002.t001g}

  Source                                                        Study location       *N*       Design (period)                           Setting           Characteristics of study population                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  ------------------------------------------------------------- -------------------- --------- ----------------------------------------- ----------------- -------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------
  Green et al., 2018 \[[@pmed.1003002.ref026]\]                 RI, US               35        Cohort (2016--2017)                       Prison            Individuals with recent incarceration (less than 12 months) who died from overdose                             Deaths recorded in 2016: 18--29 y (30.8%), 30--39 y (34.6%), 40--49 y (23.1%), ≥50 y (11.5%); deaths recorded in 2017: 18--29 y (22.2%), 30--39 y (44.4%), 40--49 y (33.3%), ≥50 y (---)   Deaths recorded in 2016: male, 92.3%; female, 7.7%; deaths recorded in 2017: male, 77.8%; female, 22.2%          Deaths recorded in 2016: white, 96.2%; other, 3.8%; deaths recorded in 2017: white, 88.9%; other, 11.1%                                                                                                                                                           Death recorded among individuals who received OAT in prison
  Degenhardt et al., 2014 \[[@pmed.1003002.ref035]\]            Australia            16,453    Cohort (2000--2012) administrative data   Prison            Incarcerated heroin users from prisons in New South Wales                                                      Age at first criminal charge: 23 y (10--64)                                                                                                                                                Male, 78.7%; female, 21.3%                                                                                       Indigenous, 29.9%                                                                                                                                                                                                                                                 Incarcerated persons who received MMT/BPN prior incarceration
  Larney et al., 2014 \[[@pmed.1003002.ref036]\]                Australia            16,715    Cohort (2000--2012) administrative data   Prison            Incarcerated heroin users from prisons in New South Wales                                                      Age at first entry into prison: 30 y (16--64)                                                                                                                                              Male, 78.9%; female, 21.1%                                                                                       Indigenous, 29.9%                                                                                                                                                                                                                                                 Incarcerated persons who received MMT/BPN prior incarceration
  Gordon et al., 2014 \[[@pmed.1003002.ref037]\]                MD, US               211       RCT (2008--2012)                          Prison            Incarcerated persons in pre-release prison                                                                     39.1 y ± 8.8                                                                                                                                                                               Male, 70.1%; female, 29.9%                                                                                       African-American, 70.1%; white, 25.6%; other, 4.3%                                                                                                                                                                                                                DSM-IV for opioid dependence
  Gordon et al., 2012 \[[@pmed.1003002.ref038]\]                MD, US               211       RCT (2003--2005)                          Prison            Men incarcerated at a Baltimore pre-release facility                                                           35--45 y                                                                                                                                                                                   100% male                                                                                                        Majority African-Americans, \>60%                                                                                                                                                                                                                                 DSM-IV for opioid dependence
  Gordon et al., 2008 \[[@pmed.1003002.ref039]\]                MD, US               201       RCT (2003--2005)                          Prison            Men incarcerated at a Baltimore pre-release facility                                                           35--45 y                                                                                                                                                                                   100% male                                                                                                        Majority African-Americans, \>60%                                                                                                                                                                                                                                 DSM-IV for opioid dependence
  Gordon et al., 2017 \[[@pmed.1003002.ref040]\]                MD, US               211       RCT (2008--2012)                          Prison            Incarcerated persons in pre-release prison                                                                     39.1 y ± 8.8                                                                                                                                                                               Male, 70.1%; female, 29.9%                                                                                       African-American, 70.1%; white, 25.6%; other, 4.3%                                                                                                                                                                                                                DSM-IV for opioid dependence
  Gordon et al., 2015 \[[@pmed.1003002.ref041]\]                MD, US               27        Clinical trial (2012--2014)               Prison            Incarcerated persons eligible for release within 30 days from screening                                        39.9 y ± 8.3                                                                                                                                                                               Male, 59.3%; female, 40.7%                                                                                       African-American, 85.2%; white, 14.8%; other, 8.3%                                                                                                                                                                                                                DSM-IV for opioid dependence
  Gordon et al., 2018 \[[@pmed.1003002.ref042]\]                MD, US               199       RCT (2008--2012)                          Prison            Incarcerated persons in pre-release prison                                                                     39.4 y ± 8.5                                                                                                                                                                               Male, 70.9%; female, 29.1%                                                                                       African-American, 69.8%; white, 25.6%; other, 4.5%                                                                                                                                                                                                                DSM-IV for opioid dependence
  Kinlock et al., 2008 \[[@pmed.1003002.ref043]\]               MD, US               197       RCT (2003--2005)                          Prison            Men incarcerated at a Baltimore pre-release facility                                                           Counseling only, 40.8 y ± 7.7; counseling + transfer to MMT post-release, 40.3 y ± 7.0; counseling + MMT in prison and transfer, 39.8 y ± 7.1                                              100% male                                                                                                        Counseling only: African-American, 65.1%; white, 31.7%; other, 3.2%; counseling + transfer to MMT post-release: African-American, 72.7%; white, 19.7%; other, 7.6%; counseling + MMT in prison and transfer: African-American, 70.6%; white, 20.6%; other, 8.8%   DSM-IV for opioid dependence
  Kinlock et al., 2009 \[[@pmed.1003002.ref044]\]               MD, US               204       RCT (2003--2005)                          Prison            Men incarcerated at a Baltimore pre-release facility                                                           40.3 y ± 7.1                                                                                                                                                                               100% male                                                                                                        African-American, 69.6%; white, 24.0%; other, 6.4%                                                                                                                                                                                                                DSM-IV for opioid dependence
  Kinlock et al., 2013 \[[@pmed.1003002.ref045]\]               MD, US               67        RCT (2003--2005)                          Prison            Men incarcerated at a Baltimore pre-release facility who received MMT in prison                                39.8 y ± 7.1                                                                                                                                                                               100% male                                                                                                        African-American, 70.6%; white, 20.6%; other, 8.8%                                                                                                                                                                                                                DSM-IV for opioid dependence
  McKenzie et al., 2012 \[[@pmed.1003002.ref046]\]              RI, US               62        RCT (2006--2009)                          Prison and jail   Incarcerated persons from RIDOC                                                                                40.7 y (22--58)                                                                                                                                                                            Male, 70.9%; female, 29.1%                                                                                       Hispanic/Latino, 21.0%; other, 79.0%                                                                                                                                                                                                                              Self-reported heroin injection or enrolled in MMT in the month preceding incarceration
  Zaller et al., 2013 \[[@pmed.1003002.ref047]\]                RI, US               44        Clinical trial (2006--2009)               Prison and jail   Incarcerated persons from RIDOC                                                                                37.3 y ± 7.3                                                                                                                                                                               Male, 84.1%; female, 15.9%                                                                                       Hispanic/Latino, 29.5%; black/African-American, 2.2%; white, 68.1%                                                                                                                                                                                                DSM-IV for opioid dependence
  Lee et al., 2016 \[[@pmed.1003002.ref048]\]                   MD, NY, PA, RI, US   308       RCT (2009--2013)                          Prison and jail   Participants with OUD with recent incarceration (less than 12 months)                                          XR-NTX, 44.4 y ± 9.2; TAU, 43.2 y ± 9.4                                                                                                                                                    XR-NTX: male, 84.3%; female, 15.7%; TAU: male, 85.2%; female, 14.8%                                              XR-NTX: white, 20.4%; black, 53.3%; Hispanic, 24.3%; TAU: white, 19.4%; black, 47.7%; Hispanic, 29.0%                                                                                                                                                             Clinical diagnosis of OUD
  Friedmann et al., 2018 \[[@pmed.1003002.ref049]\]             RI, US               15        RCT (2012--2014)                          Prison            Incarcerated persons scheduled to be released within 1--2 months                                               Pre-release XR-NTX group, 38.9 y; post-release XR-NTX group, 33.6 y                                                                                                                        Pre-release XR-NTX group: male, 88.9%; female, 11.1%; post-release XR-NTX group: 100% male                       NA                                                                                                                                                                                                                                                                DSM-IV for opioid dependence
  Soares et al., 2018 \[[@pmed.1003002.ref050]\]                MD, NY, PA, RI, US   297       RCT (2009--2013)                          Prison and jail   Participants with OUD with recent incarceration (less than 12 months)                                          NA                                                                                                                                                                                         XR-NTX: male, 84.3%; female, 15.7%; TAU: male, 85.2%; female, 14.8%                                              XR-NTX: white, 50.5%; TAU: white, 19.6%                                                                                                                                                                                                                           Clinical diagnosis of OUD
  Larney et al., 2012 \[[@pmed.1003002.ref051]\]                Australia            375       Cohort (1997--2006)                       Prison            Male heroin users from prisons in New South Wales                                                              26 y (18--46)                                                                                                                                                                              100% male                                                                                                        Aboriginal or Torres Strait Islander: 24%                                                                                                                                                                                                                         Self-reported heroin use/abuse
  Farrell-MacDonald et al., 2014 \[[@pmed.1003002.ref052]\]     Canada               137       Cohort (2003--2008)                       Prison            Incarcerated persons with problematic opioid use                                                               MMT in prison but discontinued post-release, 35.4 y ± 8.0; MMT in prison and continued post-release, 33.0 y ± 7.2; non-MMT treated, 31.3 y ± 7.4                                           100% female                                                                                                      MMT discontinued post-release and Aboriginal ancestry, 22.0%; MMT continued post-release and Aboriginal ancestry, 40.0%; non-MMT treated and Aboriginal ancestry, 38.0%                                                                                           MMT prior to incarceration
  Larney et al., 2016 \[[@pmed.1003002.ref053]\]                Australia            8,577     Cohort (2007--2013) administrative data   Prison            Incarcerated heroin users from prisons in New South Wales                                                      Age at first recorded OST: 32 y (26--38)                                                                                                                                                   Male, 81.0%; female, 19.0%                                                                                       Indigenous, 14.5%                                                                                                                                                                                                                                                 Incarcerated persons who received MMT/BPN prior incarceration
  Bird et al., 2015 \[[@pmed.1003002.ref054]\]                  Scotland             131,427   Cohort (1996--2007) administrative data   Prison            Incarcerated persons released between 1996 and 2007                                                            NA                                                                                                                                                                                         Male, 93%; female, 7%                                                                                            NA                                                                                                                                                                                                                                                                NA
  Lincoln et al., 2018 \[[@pmed.1003002.ref055]\]               MA, US               67        Cohort (2013--2014)                       Jail              Incarcerated persons scheduled to be released                                                                  XR-NTX (prior to release), 32.9 y (22--60); XR-NTX planned after release, 34.6 y (21--54)                                                                                                  XR-NTX, prior to release: male, 89.4%; female, 10.6%; XR-NTX planned after release: male, 90.0%; female, 10.0%   XR-NTX, prior to release: black/African-American, 6.4%; Hispanic/Latino, 25.5%; white, 68.1%; XR-NTX planned after release: black/African-American, 0%; Hispanic/Latino, 40.0%; white, 60.0%                                                                      Clinical diagnosis of OUD + urine test
  Sheard et al., 2009 \[[@pmed.1003002.ref056]\]                England              90        RCT (2004--2005)                          Prison            Incarcerated persons from Her Majesty's Prison Leeds                                                           29.8 y (19--53)                                                                                                                                                                            100% male                                                                                                        NA                                                                                                                                                                                                                                                                History of opiate use, confirmed by urine test
  Magura et al., 2009 \[[@pmed.1003002.ref057]\]                NY, US               116       RCT (2006--2007)                          Jail              Heroin-dependent men not enrolled in community methadone treatment and sentenced to 10--90 days in jail        MMT group, 40.7 y ± 9.1; BPN group, 38.4 y ± 7.9                                                                                                                                           100% male                                                                                                        MMT group: black, 25%; Hispanic, 65%; BPN group: black, 25%; Hispanic, 62%                                                                                                                                                                                        Clinical diagnosis of opioid dependence
  Awgu et al., 2010 \[[@pmed.1003002.ref058]\]                  NY, US               114       RCT (2006--2007)                          Jail              Heroin-dependent men not enrolled in community methadone treatment and sentenced to less than 1 year in jail   MMT group, 40.8 y ± 9.2; BPN group, 38.4 y ± 7.9                                                                                                                                           100% male                                                                                                        MMT group: black, 25%; Hispanic, 65%; BPN group: black, 26%; Hispanic, 61%                                                                                                                                                                                        Clinical diagnosis of opioid dependence
  Wright et al., 2011 \[[@pmed.1003002.ref059]\]                England              289       RCT (2006--2008)                          Prison            Population from 3 prison healthcare departments                                                                30.8 y (26.9--34.9)                                                                                                                                                                        NA                                                                                                               Methadone: white British, 89.9%; Asian, 2.7%; black, 4.1%; mixed race, 0.7%; white other, 2.7%; BPN: white British, 93.6%; Asian, 2.8%; black, 0.7%; mixed race, 0.7%; white other, 0.7%                                                                          History of opiate use, confirmed by urine test
  Rich et al., 2015 \[[@pmed.1003002.ref060]\]                  RI, US               283       RCT (2011--2013)                          Prison and jail   Incarcerated persons at RIDOC enrolled in MMT at the time of incarceration                                     34 y ± 8.4                                                                                                                                                                                 Male, 78%; female, 22%                                                                                           White, 81%; black, 4%; other, 15%                                                                                                                                                                                                                                 Opioid users under MMT at incarceration
  Brinkley-Rubinstein et al., 2018 \[[@pmed.1003002.ref061]\]   RI, US               179       RCT (2011--2013)                          Prison and jail   Incarcerated persons at RIDOC enrolled in MMT at the time of incarceration                                     32.6 y (28.4--40.9)                                                                                                                                                                        Male, 78.2%; female, 21.8%                                                                                       White, 78.8%; black, 4.5%; other, 16.8%                                                                                                                                                                                                                           Opioid users under MMT at incarceration
  Moore et al., 2018 \[[@pmed.1003002.ref062]\]                 CT, US               382       Clinical trial (2013--2015)               Prison and jail   Incarcerated persons who received MMT 5 days prior to incarceration                                            MMT in prison, 36.2 y ± 9.6; forced withdrawal, 37.0 y ± 9.1                                                                                                                               100% male                                                                                                        MMT in prison: white, 78.8%; black, 9.8%; Hispanic, 11.4%; forced withdrawal: white, 76.8%; black, 9.1%; Hispanic, 13.6%; Native American, 0.5%                                                                                                                   DSM-IV for opioid dependence
  McMillan et al., 2008 \[[@pmed.1003002.ref063]\]              US                   589       Cohort (2005--2006)                       Jail              Incarcerated persons released between 11/2005 and 10/2006                                                      Jail-based MMT, 38.5 y ± 10.0; no MMT, 37.7 y ± 9.9                                                                                                                                        Jail-based MMT: 71.5% male; no MMT: 67.5% male                                                                   Jail-based MMT: Hispanic, 78.0%; non-Hispanic white, 20.9%; Native American, 1.0%; no MMT: Hispanic, 80.4%; non-Hispanic white, 16.8%; Native American, 2.8%                                                                                                      Incarcerated persons who reported MMT prior to incarceration
  Marzo et al., 2009 \[[@pmed.1003002.ref064]\]                 France               507       Cohort (2003--2006)                       Prison            Opioid-dependent patients included within the first week of imprisonment                                       30.8 y ± 6.4                                                                                                                                                                               Male, 96.3%; female, 3.7%                                                                                        NA                                                                                                                                                                                                                                                                Clinical evaluation and self-report
  Wickersham et al., 2013 \[[@pmed.1003002.ref065]\]            Malaysia             27        Cohort (2009--2010)                       Prison            HIV-positive incarcerated persons (up to 4 months pre-release)                                                 37.1 y ± 7.1                                                                                                                                                                               100% male                                                                                                        Malay, 73.3%; Indian, 20.0%; Chinese, 6.7%                                                                                                                                                                                                                        DSM-IV for opioid dependence
  Wickersham et al., 2013 \[[@pmed.1003002.ref066]\]            Malaysia             72        Cohort (2008--2009)                       Prison            Incarcerated persons receiving MMT and scheduled for release                                                   Prison Pengkalan Chepa, 33.7 y ± 6.7; Prison Kajang, 37.1 y ± 7.0                                                                                                                          100% male                                                                                                        Prison Pengkalan Chepa: Malay, 95.2%; Indian, 4.8%; Prison Kajang: Malay, 73.3%; Indian, 20.0%; Chinese, 6.7%                                                                                                                                                     DSM-IV for opioid dependence
  Westerberg et al., 2016 \[[@pmed.1003002.ref067]\]            NM, US               960       Cohort (2011--2013)                       Jail              Incarcerated persons released between July and December 2011                                                   NA                                                                                                                                                                                         Male, 73.8%; female, 26.2%                                                                                       African-American, 6.0%; Hispanic, 49.7%; Native American, 15.0%; white, 25.6%; unknown/other, 3.7%                                                                                                                                                                MMT previous incarceration
  Marsden et al., 2017 \[[@pmed.1003002.ref068]\]               England              12,260    Cohort (2010--2013) administrative data   Prison            Incarcerated persons scheduled to be released                                                                  OAT in prison, 34.6 y ± 7.1; no OAT in prison, 34.6 y ± 8.0                                                                                                                                OAT in prison: Male, 75.9%; female, 24.1%; no OAT in prison: male, 80.7%; female, 19.3%                          NA                                                                                                                                                                                                                                                                Clinical diagnosis of OUD
  Huang et al., 2011 \[[@pmed.1003002.ref069]\]                 Taiwan               4,357     Cohort (2007--2008) administrative data   Prison            Incarcerated persons released on 16 July 2007                                                                  Male, 38 y (20--74); female, 31 y (21--58)                                                                                                                                                 Male, 88%; female, 12%                                                                                           NA                                                                                                                                                                                                                                                                Self-reported history of heroin injection
  Lee et al., 2012 \[[@pmed.1003002.ref070]\]                   NY, US               140       Cohort (2006--2008)                       Jail              Post-release patients from NYC Department of Correction                                                        Jail referrals, 41 y (21--52); community referrals, 42 y (25--67)                                                                                                                          Jail referrals: male, 97%; female, 3%; community referrals: male, 78%; female, 22%                               Jail referrals: African-American, 19%; Hispanic, 66%; non-Hispanic white, 15%; community referrals: African-American, 13%; Hispanic, 34%; non-Hispanic white, 53%                                                                                                 DSM-IV for opioid dependence
  Macswain et al., 2014 \[[@pmed.1003002.ref071]\]              Canada               856       Cohort (2006--2008)                       Prison            Incarcerated persons with problematic opioid use                                                               MMT in prison but discontinued post-release, 34.3 y ± 8.1; MMT in prison and continued post-release, 35.3 y ± 8.6; non-MMT treated, 34.6 y ± 8.3                                           100% male                                                                                                        MMT discontinued post-release and Aboriginal ancestry, 15.0%; MMT continued post-release and Aboriginal ancestry, 16.8%; non-MMT treated and Aboriginal ancestry, 15.4%                                                                                           MMT prior to incarceration
  Fox et al., 2014 \[[@pmed.1003002.ref072]\]                   NY, US               135       Cohort (2009--2013)                       Prison            Incarcerated persons recently released from prison (≤90 days before initial visit)                             42.1 y ± 10.5                                                                                                                                                                              Male, 97.0%; female, 3.0%                                                                                        Hispanic, 50.4%; non-Hispanic black, 42.2%; non-Hispanic other, 7.4%                                                                                                                                                                                              DSM-IV for opioid dependence
  Riggins et al., 2017 \[[@pmed.1003002.ref073]\]               NY, US               306       Cohort (NA)                               Prison and jail   HIV-positive patients who were recently incarcerated (last 30 days)                                            44.6 y ± 8.5                                                                                                                                                                               Male, 67.2%; female, 32.8%                                                                                       Hispanic, 22.0%; non-Hispanic black, 51.2%; non-Hispanic other, 3.3%; non-Hispanic white, 22.3%                                                                                                                                                                   Self-reported opioid use (past 30 days)
  Bird et al., 2016 \[[@pmed.1003002.ref074]\]                  Scotland             2,273     Cohort (2006--2013) administrative data   Prison            Incarcerated persons with data related to ORD                                                                  Baseline, \<35 y (52.8%); during NNP, \<35 y (38.6%)                                                                                                                                       Baseline: Male, 80.9%; female, 19.1%; during NNP: male, 76.1%; female, 23.9%                                     NA                                                                                                                                                                                                                                                                Self-reported risk of opioid overdose at release
  Bird et al., 2017 \[[@pmed.1003002.ref075]\]                  Scotland             4,124     Cohort (2006--2015) administrative data   Prison            Incarcerated persons with data related to ORD                                                                  NA                                                                                                                                                                                         NA                                                                                                               NA                                                                                                                                                                                                                                                                Self-reported risk of opioid overdose at release
  Springer et al., 2010 \[[@pmed.1003002.ref076]\]              CT, US               23        RCT (2004--2010)                          Prison            HIV-positive incarcerated persons (up to 90 days pre-release)                                                  46.4 y (mean)                                                                                                                                                                              Male, 78%; female, 22%                                                                                           Black, 39%; Hispanic, 52%; white, 9%                                                                                                                                                                                                                              DSM-IV for opioid dependence
  Springer et al., 2012 \[[@pmed.1003002.ref077]\]              CT, US               94        RCT (2005--2010)                          Prison            HIV-positive incarcerated persons transitioning to the community                                               BPN/NLX, 45.6 y ± 6.0; no BPN/NLX, 46.5 y ± 7.5                                                                                                                                            BPN/NLX: male, 88%; female, 12%; no BPN/NLX: male, 75%; female, 25%                                              BPN/NLX: white, 12.0%; black, 32.0%; Hispanic, 56.0%; no BPN/NLX: white, 25.0%; black, 54.6%; Hispanic, 20.4%                                                                                                                                                     DSM-IV for opioid dependence
  Lobmaier et al., 2010 \[[@pmed.1003002.ref078]\]              Norway               46        RCT (2005--2007)                          Prison            Incarcerated persons with at least 2 months of sentence time remaining                                         35.1 y ± 7.0                                                                                                                                                                               Male, 93.2%; female, 6.8%                                                                                        NA                                                                                                                                                                                                                                                                DSM-IV for opioid dependence
  Parmar et al., 2017 \[[@pmed.1003002.ref079]\]                England              1,557     RCT (2012--2014)                          Prison            Incarcerated persons (up to 3 months pre-release)                                                              18--24 y (5%); 25--34 y (50%); 35--44 y (39%); ≥45 y (6%)                                                                                                                                  Male, 98%; female, 2%                                                                                            NA                                                                                                                                                                                                                                                                Self-reported history of heroin use by injection

\*Values given as category (percentage), mean ± SD, median (IQR), or range.

BPN, buprenorphine; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th edition; MMT, methadone maintenance treatment; NA, not available; NLX, naloxone; NNP, National Naloxone Program; NYC, New York City; ORD, opioid-related death; OAT, opioid agonist treatment; OST, opioid substitution therapy; OUD, opioid use disorder; RCT, randomized control trial; RIDOC, Rhode Island Department of Corrections; TAU, treatment as usual; XR-NTX, injectable extended-release naltrexone.

Eight studies utilized administrative data and included large sample sizes (median of 10,419 \[range 2,273--131,472\] participants) \[[@pmed.1003002.ref035],[@pmed.1003002.ref036],[@pmed.1003002.ref053],[@pmed.1003002.ref054],[@pmed.1003002.ref068],[@pmed.1003002.ref069],[@pmed.1003002.ref074],[@pmed.1003002.ref075]\]. All other studies assessed primary data, including 22 randomized control trials (RCTs) (median of 198 \[range 15--1,557\] participants), 13 longitudinal/observational studies (median of 140 \[range 27--960\] participants), and 3 non-randomized clinical trials (median of 44 \[range 27--382\] participants) ([Table 1](#pmed.1003002.t001){ref-type="table"}).

Studies were grouped according to when the opioid use intervention was provided relative to the incarceration period (pre-incarceration, during incarceration, or post-incarceration). Twenty-one studies evaluated the impact of opioid use interventions provided during a continuum of treatment (before, during, and after incarceration), 14 studies reported the effect of opioid use interventions offered to individuals while incarcerated, and 11 studies evaluated the effects of opioid use interventions post-incarceration. The last group included 3 studies that addressed the impact of NLX, a preventive intervention to reduce opioid-related overdose harms and mortality ([Table 1](#pmed.1003002.t001){ref-type="table"}). Interventions included various forms of pharmacological treatment for OUD (including methadone, BPN, BPN/NLX, naltrexone) and the distribution of NLX kits to at-risk individuals before their released into the community, to decrease the occurrences of opioid-related overdose and mortality.

Thirty-two studies were conducted in prisons, 6 in jails, and 8 in both types of correctional facilities. Incarcerated persons sentenced to terms longer than 1 year are generally sent to prison, while jails are characterized by a rapid turnover of both sentenced and non-sentenced arrested persons. This specificity should be taken into account when evaluating the results of OAT delivered in long-term versus short-term incarceration facilities.

Opioid use interventions during a continuum of treatment (i.e., before, during, and after incarceration) {#sec014}
--------------------------------------------------------------------------------------------------------

### Study characteristics {#sec015}

Twenty-one studies reported the impact of an opioid intervention provided during a continuum of treatment prior to, during, and after incarceration ([Table 2](#pmed.1003002.t002){ref-type="table"}). Fourteen of these studies were experimental \[[@pmed.1003002.ref037]--[@pmed.1003002.ref050]\], and 7 were observational \[[@pmed.1003002.ref035],[@pmed.1003002.ref036],[@pmed.1003002.ref051]--[@pmed.1003002.ref055]\]. Five studies evaluated the impact of receiving opioid substitution therapy---primarily methadone---while incarcerated compared to treatment post-incarceration \[[@pmed.1003002.ref035],[@pmed.1003002.ref036],[@pmed.1003002.ref051],[@pmed.1003002.ref053],[@pmed.1003002.ref054]\]. Seven studies evaluated the impact of receiving methadone maintenance treatment (MMT) while incarcerated, with participants continuing or discontinuing MMT post-release \[[@pmed.1003002.ref038],[@pmed.1003002.ref039],[@pmed.1003002.ref043]--[@pmed.1003002.ref046],[@pmed.1003002.ref052]\]. Four studies evaluated the impact of receiving BPN maintenance treatment (BMT) while incarcerated, with participants continuing or discontinuing BMT post-release \[[@pmed.1003002.ref037],[@pmed.1003002.ref040],[@pmed.1003002.ref042],[@pmed.1003002.ref047]\], and 5 studies evaluated the impact of receiving injectable extended-release naltrexone (XR-NTX) while incarcerated compared to post-release \[[@pmed.1003002.ref041],[@pmed.1003002.ref048]--[@pmed.1003002.ref050],[@pmed.1003002.ref055]\].

10.1371/journal.pmed.1003002.t002

###### Description of interventions and outcomes of opioid use intervention studies during a continuum of treatment (before, during, and after incarceration), 2008--2019.

![](pmed.1003002.t002){#pmed.1003002.t002g}

  Source                                                                                                                                                                                                                                                                                             Intervention                                                                              Sample size                                              Outcomes/conclusions
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------- -------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Non-specified opioid agonist treatment**                                                                                                                                                                                                                                                                                                                                                                                                            
  Degenhardt et al., 2014 \[[@pmed.1003002.ref035]\]                                                                                                                                                                                                                                                 OAT in prison vs. post-release                                                            *N* = 16,453                                             76.5% of individuals received OAT while incarcerated
  **Crude mortality rates at 4 weeks post-release**                                                                                                                                                                                                                                                                                                                                                                                                     
  Among those retained in OAT post-release: 8.8 per 1,000 PY (95% CI 5.0--14.3)                                                                                                                                                                                                                                                                                                                                                                         
  Among those not in OAT post-release: 36.7 per 1,000 PY (95% CI 28.8--45.9)                                                                                                                                                                                                                                                                                                                                                                            
  OAT exposure by 4 weeks post-release reduced hazard of death by 75% (AHR = 0.25, 95% CI 0.12--0.53)                                                                                                                                                                                                                                                                                                                                                   
  OAT receipt in prison had a short-term protective effect that decayed quickly across time                                                                                                                                                                                                                                                                                                                                                             
  Lowest post-release mortality observed among those continuously retained in OAT post-release                                                                                                                                                                                                                                                                                                                                                          
  Larney et al., 2014 \[[@pmed.1003002.ref036]\]                                                                                                                                                                                                                                                     OAT in prison                                                                             *N* = 16,715                                             76.9% received OAT while incarcerated
  Mortality of opioid-dependent incarcerated persons was significantly lower among those receiving OAT in prison                                                                                                                                                                                                                                                                                                                                        
  Hazard of all-cause death was 74% lower among those receiving OAT in prison vs. those opioid-dependent not in OAT (AHR = 0.26, 95% CI 0.13--0.50)                                                                                                                                                                                                                                                                                                     
  Hazard of unnatural death was 87% lower among those receiving OAT in prison vs. those opioid-dependent not in OAT (AHR = 0.13, 95% CI 0.05--0.35)                                                                                                                                                                                                                                                                                                     
  Hazard of all-cause death during first 4 weeks of incarceration was 94% lower among those receiving OAT in prison vs. those opioid-dependent not in OAT (AHR = 0.06, 95% CI 0.01--0.48)                                                                                                                                                                                                                                                               
  Hazard of unnatural death during first 4 weeks of incarceration was 93% lower among those receiving OAT in prison vs. those opioid-dependent not in OAT (AHR = 0.07, 95% CI 0.01--0.53)                                                                                                                                                                                                                                                               
  Larney et al., 2012 \[[@pmed.1003002.ref051]\]                                                                                                                                                                                                                                                     OAT in prison vs. post-release                                                            *N* = 375 (OAT = 331)                                    80% of participants started OAT in prison, with median treatment duration of 5.5 months
  Median duration of post-release OAT was 63 days                                                                                                                                                                                                                                                                                                                                                                                                       
  Participants retained in OAT post-release had lower risk of incarceration (HR = 0.80, 95% CI 0.71--0.90, *p* \< 0.001)                                                                                                                                                                                                                                                                                                                                
  Larney et al., 2016 \[[@pmed.1003002.ref053]\]                                                                                                                                                                                                                                                     OAT in prison                                                                             *N* = 8,577                                              82% retention in OAT treatment until release
  90% of participants received OAT prescription prior to release                                                                                                                                                                                                                                                                                                                                                                                        
  94% of participants with a prescription presented to a community clinic within 48 hours of release                                                                                                                                                                                                                                                                                                                                                    
  Bird et al., 2015 \[[@pmed.1003002.ref054]\]                                                                                                                                                                                                                                                       Before vs. after OAT in prison                                                            *N* = 131,472                                            **Before prison-based OAT (1996--2002)**
  305 DRDs within 12 weeks post-release, with 175 deaths (57%) within 14 days post-release                                                                                                                                                                                                                                                                                                                                                              
  3.8 deaths per 1,000 releases (95% CI 3.4--4.2)                                                                                                                                                                                                                                                                                                                                                                                                       
  **After prison-based OAT (2003--2007)**                                                                                                                                                                                                                                                                                                                                                                                                               
  154 DRDs within 12 weeks post-release, with 56% of deaths within 14 days post-release                                                                                                                                                                                                                                                                                                                                                                 
  2.2 deaths per 1,000 releases (95% CI 1.8--2.5)                                                                                                                                                                                                                                                                                                                                                                                                       
  When DRD in each period was compared, a significant decrease was identified: 1.6 DRD per 1,000 releases (95% CI 1.0--2.2; *p* \< 0.001)                                                                                                                                                                                                                                                                                                               
  **Methadone maintenance treatment**                                                                                                                                                                                                                                                                                                                                                                                                                   
  Gordon et al., 2012 \[[@pmed.1003002.ref038]\]                                                                                                                                                                                                                                                     RCT (3 groups): Co vs. C+T vs. C+M                                                        *N* = 211 (Co, 70; C+T, 70; C+M, 71)                     **Impact of C+M**
  More likely to enter prison treatment for opioid use vs. Co (OR = 10.6, 95% CI 2.6--42.8; *p \<* 0.001)                                                                                                                                                                                                                                                                                                                                               
  More likely to complete prison treatment for opioid use vs. Co (OR = 3.5, 95% CI 1.5--8.3; *p \<* 0.01)                                                                                                                                                                                                                                                                                                                                               
  **Impact of C+T**                                                                                                                                                                                                                                                                                                                                                                                                                                     
  More likely to complete prison treatment for opioid use vs. Co (OR = 3.6, 95% CI 1.5--8.4; *p \<* 0.01)                                                                                                                                                                                                                                                                                                                                               
  Gordon et al., 2008 \[[@pmed.1003002.ref039]\]                                                                                                                                                                                                                                                     RCT (3 groups): Co vs. C+T vs. C+M                                                        N = 201 (Co, 63; C+T, 68; C+M, 70)                       **Impact of C+M (6 months post-release)**
  More likely to start addiction treatment in prison vs. Co (*p* = 0.001) and C+T (*p* = 0.046)                                                                                                                                                                                                                                                                                                                                                         
  Remained more days in addiction treatment vs. Co and C+T (*p* \< 0.001; SE: 0.31)                                                                                                                                                                                                                                                                                                                                                                     
  Reported fewer days of heroin use vs. Co (*p* = 0.009; SE: 0.24)                                                                                                                                                                                                                                                                                                                                                                                      
  Reported fewer days of criminal activity vs. Co (*p* = 0.025; SE: 0.29)                                                                                                                                                                                                                                                                                                                                                                               
  Co more likely to test positive for opioid vs. C+M (OR = 4.68, 95% CI 1.77--12.43, *p* = 0.002)                                                                                                                                                                                                                                                                                                                                                       
  Kinlock et al., 2008 \[[@pmed.1003002.ref043]\]                                                                                                                                                                                                                                                    RCT (3 groups): Co vs. C+T vs. C+M                                                        *N* = 197 (Co, 63; C+T, 66; C+M, 68)                     **Impact of C+M (90 days post-release)**
  More likely to enter community treatment for opioid use vs. Co (OR = 61.7, 95% CI 16.0--237.7, *p \<* 0.001)                                                                                                                                                                                                                                                                                                                                          
  Less likely to be re-incarcerated vs. Co (OR = 0.36, 95% CI 0.14--0.91, *p \<* 0.05)                                                                                                                                                                                                                                                                                                                                                                  
  Less likely to report heroin use vs. Co (OR = 0.36, 95% CI 0.16--0.81, *p \<* 0.05)                                                                                                                                                                                                                                                                                                                                                                   
  Less likely to engage in criminal activity vs. Co (OR = 0.34, 95% CI 016--0.73, *p \<* 0.01)                                                                                                                                                                                                                                                                                                                                                          
  Kinlock et al., 2009 \[[@pmed.1003002.ref044]\]                                                                                                                                                                                                                                                    RCT (3 groups): Co vs. C+T vs. C+M                                                        N = 204 (Co, 64; C+T, 69; C+M, 71)                       **Impact of C+M (12 months post-release)**
  Remained more days in addiction treatment vs. Co and C+T (*p* \< 0.001)                                                                                                                                                                                                                                                                                                                                                                               
  Co more likely to have a positive opioid test vs. C+M (OR = 7.1, 95% CI 1.4--11.3, *p \<* 0.001)                                                                                                                                                                                                                                                                                                                                                      
  Less likely to have a positive cocaine test vs. Co (*p \<* 0.001) and C+T (*p \<* 0.05)                                                                                                                                                                                                                                                                                                                                                               
  Kinlock et al., 2013 \[[@pmed.1003002.ref045]\]                                                                                                                                                                                                                                                    RCT (sub-sample)                                                                          *N* = 67                                                 **Impact of C+M**
  74.6% of participants completed in-prison MMT treatment                                                                                                                                                                                                                                                                                                                                                                                               
  Employment 3 years prior to incarceration predicted completing 1 year of community treatment post-release (*p* = 0.001)                                                                                                                                                                                                                                                                                                                               
  Participants who completed 1 year of community-based MMT reported working over twice as many days as other participants (*p* = 0.003)                                                                                                                                                                                                                                                                                                                 
  McKenzie et al., 2012 \[[@pmed.1003002.ref046]\]                                                                                                                                                                                                                                                   RCT: MMT prior to release vs. MMT referral post-release                                   *N* = 62 (arm 1, 21; arm 2, 32; arm 3, 9)                Arm 1: MMT pre- and post-release + payment of treatment costs (12 weeks)
  Arm 2: referral to MMT upon release + payment of treatment costs (12 weeks)                                                                                                                                                                                                                                                                                                                                                                           
  Arm 3: referral to MMT upon release (no financial assistance)                                                                                                                                                                                                                                                                                                                                                                                         
  Arm 1 more likely to enter MMT within 30 days post-release (86%, 41%, and 22% for arm 1, 2, and 3, respectively, *p \<* 0.001)                                                                                                                                                                                                                                                                                                                        
  Arm 1 entered MMT post-release in fewer days (2, 9, and 5 days for arm 1, 2, and 3, respectively, *p* = 0.03)                                                                                                                                                                                                                                                                                                                                         
  In the last 30 days, arm 1 reported less heroin use (3, 18, and 4 days for arm 1, 2, and 3, respectively, *p* = 0.008), less use of other opiates (0, 6, and 1 day, *p* = 0.09), less crack/cocaine use (4, 13, and 6 days, *p* = 0.05), and less injection drug use (2, 12, 3 days, *p* = 0.06)                                                                                                                                                      
  Farrell-MacDonald et al., 2014 \[[@pmed.1003002.ref052]\]                                                                                                                                                                                                                                          MMT post-release: continued MMT (MMT-C) vs. discontinued MMT (MMT-T) vs. no MMT (MMT-N)   *N* = 137                                                MMT-C group had lower risk of return to custody vs. MMT-N (HR = 0.35, 95% CI 0.13--0.90, *p \<* 0.05)
  **Buprenorphine maintenance treatment**                                                                                                                                                                                                                                                                                                                                                                                                               
  Gordon et al., 2014 \[[@pmed.1003002.ref037]\]                                                                                                                                                                                                                                                     RCT (4 groups): B+OTP, B+CHC, C+OTP, C+CHC                                                *N* = 211 (B+OTP, 52; B+CHC, 52; C+OTP, 54; C+CHC, 53)   BPN group (B+OTP and B+CHC) more likely to enter prison treatment vs. counseling only (C+OTP and C+CHC) (AOR = 2.8, 95% CI 0.3--5.7, *p* = 0.006)
  BPN group more likely to enter community treatment vs. counseling only (AOR = 1.5, 95% CI 1.1--2.1, *p* = 0.01)                                                                                                                                                                                                                                                                                                                                       
  Gordon et al., 2017 \[[@pmed.1003002.ref040]\]                                                                                                                                                                                                                                                     RCT (4 groups): B+OTP, B+CHC, C+OTP, C+CHC                                                *N* = 211                                                Higher post-release addiction treatment retention rates among participants who initiated BPN in prison (65.9 days, SE = 12.2) vs. initiation post-release (21.8 days, SE = 7.6, *p* = 0.005)
  Gordon et al., 2018 \[[@pmed.1003002.ref042]\]                                                                                                                                                                                                                                                     RCT (4 groups): B+OTP, B+CHC, C+OTP, C+CHC                                                *N* = 199                                                No statistically significant differences in BPN treatment initiation pre- vs. post-incarceration on the following variables: proportion of individuals arrested, mean number of arrests, time to first arrest
  Zaller et al., 2013 \[[@pmed.1003002.ref047]\]                                                                                                                                                                                                                                                     Clinical trial: BPN/NLX (post-release vs. in jail)                                        *N* = 44 (post-release, 32; in jail, 12)                 Time until post-release appointment for addiction treatment was lower among in-jail (3.9 days) vs. post-release group (8.8 days; *p* = 0.1)
  Post-release treatment duration was higher for in-jail vs. post-release group: 24 vs. 9 weeks (*p* = 0.007)                                                                                                                                                                                                                                                                                                                                           
  After 6 months, retention was higher for in-jail (83%) vs. post-release group (34%; *p* = 0.005)                                                                                                                                                                                                                                                                                                                                                      
  Initiating BPN/NLX prior to release from incarceration increased engagement and retention in community-based treatment                                                                                                                                                                                                                                                                                                                                
  Past 30 days heroin use was higher among those receiving BPN/NLX post-release (34%) vs. in jail (0%; *p* = 0.08)                                                                                                                                                                                                                                                                                                                                      
  Past 30 days alcohol use was higher among those receiving BPN/NLX post-release (47%) vs. in jail (10%; *p* = 0.14)                                                                                                                                                                                                                                                                                                                                    
  Past 30 days injection drug use was higher among those receiving BPN/NLX post-release (39%) vs. in jail (0%; *p* = 0.05)                                                                                                                                                                                                                                                                                                                              
  Past 30 days arrest was higher among those receiving BPN/NLX post-release (24%) vs. in jail (0%; *p* = 0.08)                                                                                                                                                                                                                                                                                                                                          
  **Injectable extended-release naltrexone**                                                                                                                                                                                                                                                                                                                                                                                                            
  Gordon et al., 2015 \[[@pmed.1003002.ref041]\]                                                                                                                                                                                                                                                     Clinical trial: XR-NTX                                                                    *N* = 27                                                 37% of participants completed all 6 monthly post-release XR-NTX injections
  Among participants who completed all 6 injections (*n* = 10), none reported opioid use, re-arrest, or re-incarceration during the study.                                                                                                                                                                                                                                                                                                              
  Among participants who did not complete all 6 injections (*n* = 16), 62.5% reported opioid use during the study (10/16), 31.3% reported re-arrest (5/16), and 18.8% reported re-incarceration (3/16)                                                                                                                                                                                                                                                  
  Results were not statistically significant.                                                                                                                                                                                                                                                                                                                                                                                                           
  Lee et al., 2016 \[[@pmed.1003002.ref048]\]                                                                                                                                                                                                                                                        RCT (2 groups): XR-NTX vs. OAT (MMT/BPN) 1 week prior to release                          *N* = 308                                                **During the 24-week treatment phase, participants assigned to XR-NTX (compared to those assigned to usual treatment)**
  Longer median time to opioid relapse (10.5 vs. 5.0 weeks, *p* \< 0.001; HR = 0.49, 95% CI 0.36--0.68)                                                                                                                                                                                                                                                                                                                                                 
  Lower rate of opioid relapse (43% vs. 64% of participants, *p \<* 0.001; OR = 0.43, 95% CI 0.28--0.65)                                                                                                                                                                                                                                                                                                                                                
  Higher rate of opioid-negative urine samples (74% vs. 56%, *p \<* 0.001; OR = 2.30, 95% CI 1.48--3.54)                                                                                                                                                                                                                                                                                                                                                
  Friedmann et al., 2018 \[[@pmed.1003002.ref049]\]                                                                                                                                                                                                                                                  RCT (2 groups): pre-release vs. post-release XR-NTX                                       *N* = 15                                                 **Pre-release XR-NTX group had better treatment retention rate vs. post-release XR-NTX group**
  100% of participants received the first XR-NTX injection vs. 67% of post-release group                                                                                                                                                                                                                                                                                                                                                                
  78% of participants received more than 1 injection vs. 17% of post-release group                                                                                                                                                                                                                                                                                                                                                                      
  22% of participants received all 6 injections vs. no participants in the post-release group                                                                                                                                                                                                                                                                                                                                                           
  **Pre-release XR-NTX group had greater abstinence vs. post-release XR-NTX group**                                                                                                                                                                                                                                                                                                                                                                     
  Confirmed abstinence 4 weeks post-release (OR = 5.6, 95% CI 0.8--37.9, *p* = 0.08)                                                                                                                                                                                                                                                                                                                                                                    
  **Pre-release XR-NTX group had increased time to relapse vs. post-release XR-NTX group**                                                                                                                                                                                                                                                                                                                                                              
  9 weeks vs. 5 weeks                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Soares et al., 2018 \[[@pmed.1003002.ref050]\]                                                                                                                                                                                                                                                     RCT (2 groups): XR-NTX vs. OAT (MMT/BPN) 1 week prior to release                          *N* = 297                                                No significant difference in overall healthcare utilization (IRR = 0.88, 95% CI 0.63--1.23, *p* = 0.45)
  XR-NTX group had fewer medical/surgical hospital admissions during the treatment phase (IRR = 0.37, 95% CI 0.16--0.88, *p* = 0.02) and throughout the course of the study (IRR = 0.55, 95% CI 0.30--1.00, *p* = 0.05)                                                                                                                                                                                                                                 
  Lincoln et al., 2018 \[[@pmed.1003002.ref055]\]                                                                                                                                                                                                                                                    Cohort: pre-release vs. post-release XR-NTX                                               *N* = 67                                                 **Receiving XR-NTX prior to release from jail increased treatment retention vs. post-release XR-NTX**
  4 weeks post-release: 55% vs. 25%                                                                                                                                                                                                                                                                                                                                                                                                                     
  8 weeks post-release: 36% vs. 25%                                                                                                                                                                                                                                                                                                                                                                                                                     
  24 weeks post-release: 21% vs. 15%                                                                                                                                                                                                                                                                                                                                                                                                                    

AHR, adjusted hazard ratio; AOR, adjusted odds ratio; B+OTP, BPN in prison and continued at an opioid treatment program; B+CHC, BPN in prison and continued at a community health center; BPN, buprenorphine; C+M, counseling and MMT in prison + referral to MMT upon release; C+OTP, counseling in prison and initiation of BPN at an opioid treatment program; C+CHC, counseling in prison and initiation of BPN a community health center; C+T, counseling in prison + referral to MMT upon release; Co, counseling in prison; DRD, drug-related death; HR, hazard ratio; IRR, incidence rate ratio; MMT, methadone maintenance treatment; NLX, naloxone; OR, odds ratio; OAT, opioid agonist treatment; PY, person-years; RCT, randomized control trial; XR-NTX, injectable extended-release naltrexone.

### Non-specified opioid substitution treatment {#sec016}

Several Australian studies evaluated the impact of OAT provision while incarcerated on post-release OAT retention and related outcomes \[[@pmed.1003002.ref035],[@pmed.1003002.ref036],[@pmed.1003002.ref051],[@pmed.1003002.ref053]\]. A 2012 study conducted by Larney et al. \[[@pmed.1003002.ref051]\] found that among 375 incarcerated, heroin-using men from New South Wales, those who received OAT while in prison and continued OAT post-release reduced their risk of re-incarceration by 20% (hazard ratio \[HR\] = 0.80, 95% CI 0.71--0.90, *p* = 0002), compared to those who discontinued OAT post-release. Larney et al. published another study in 2016 \[[@pmed.1003002.ref053]\] to evaluate administrative data from 8,577 incarcerated persons who were in prison between 2007 to 2013 and experienced changes in the clinical governance of the New South Wales OAT program in 2011. The authors identified statistically significant higher rates of OAT retention while incarcerated (82%), higher rates of OAT prescription prior to release (90%), and higher rates of presentation to a community OAT clinic within 48 hours post-release (94%) among incarcerated persons following changes to the OAT program.

Larney et al. and Degenhardt et al. both examined the relationship between receipt of OAT and mortality risk, based on administrative data from a cohort of over 16,000 incarcerated persons in New South Wales, Australia \[[@pmed.1003002.ref035],[@pmed.1003002.ref036]\]. In Larney et al.'s study \[[@pmed.1003002.ref036]\], the majority of individuals received OAT while incarcerated (76.9%), and this intervention reduced the hazard of all-cause and unnatural death by 74% (adjusted hazard ratio \[AHR\] = 0.26, 95% CI 0.13--0.50) and 87% (AHR = 0.13, 95% CI 0.05--0.35), respectively, compared to those out of OAT. Moreover, the hazard of all-cause death and unnatural death during the first 4 weeks of incarceration was reduced by 94% (AHR = 0.06, 95% CI 0.01--0.48) and 93% (AHR = 0.07, 95% CI 0.01--0.53), respectively, during periods on OAT compared to those out of OAT. Degenhardt et al. \[[@pmed.1003002.ref035]\] also found that the majority of individuals received OAT while incarcerated (76.5%), determining that OAT exposure by 4 weeks post-release reduced the hazard of death by 75% (AHR = 0.25, 95% CI 0.12--0.53). Post-release mortality rates (MRs) were lowest among those continuously engaged in OAT at 4 weeks post-release (8.8 per 1,000 person-years \[PY\], 95% CI 5.0--14.3) and highest among those not receiving OAT 4 weeks post-release (36.7 per 1,000 PY, 95% CI 28.8--45.9).

Bird et al. \[[@pmed.1003002.ref054]\] evaluated a large administrative dataset (*n* = 131,427) of all incarcerated persons in Scottish prisons between 1996 and 2007 to determine the effects of receiving OAT on drug-related deaths post-release. The drug-related death rate within 12 weeks after prison release fell from 3.8 per 1,000 releases (95% CI 3.4--4.2) to 2.2 per 1,000 releases (95% CI 1.8--2.5) following the implementation of a universal prison-based OAT policy for incarcerated individuals with OUD between 2003 and 2007. Furthermore, the decrease in MR of 1.6 per 1,000 (95% CI 1.0--2.2) was found to be highly statistically significant (*p \<* 0.001).

### Methadone maintenance treatment {#sec017}

Gordon et al. and Kinlock et al. \[[@pmed.1003002.ref038],[@pmed.1003002.ref039],[@pmed.1003002.ref043]--[@pmed.1003002.ref045]\] conducted an RCT comparing 3 groups of heroin-dependent incarcerated persons in a Baltimore prison (*n* = 211), with one group receiving only counseling while incarcerated, a second group receiving counseling and referral to MMT upon release, and a third group receiving both counseling and MMT while incarcerated and MMT referral post-release. Short-term results at 3 months post-release \[[@pmed.1003002.ref043]\] and long-term results at 6 and 12 months post-release \[[@pmed.1003002.ref039],[@pmed.1003002.ref044]\] found that participants who received both MMT and counseling while in prison displayed higher adherence and retention to opioid-related community-based treatment, lower rates of illicit opioid use, and lower re-incarceration rates, compared to those who received counseling only during incarceration, independent of whether they were referred or not to MMT upon prison release. Specifically, the results showed that participants who initiated MMT while in prison were more likely to engage in community-based treatment within 90 days post-release (*p \<* 0.01), remained in addiction treatment for a greater number of days at 6 and 12 months post-release (*p* \< 0.001), and were less likely to test positive for opioid use at 3, 6, and 12 months post-release (*p* = 0.014, *p* = 0.009, and *p* = 0.001, respectively) compared to the counseling only group \[[@pmed.1003002.ref039],[@pmed.1003002.ref043],[@pmed.1003002.ref044]\]. Participants who received both MMT and counseling while in prison were also less likely to report engagement in criminal activities at 3 months (*p* = 0.005) and 6 months (*p* = 0.025) post-release, compared to the other groups \[[@pmed.1003002.ref039],[@pmed.1003002.ref043]\]. Further secondary analyses conducted by Kinlock et al. \[[@pmed.1003002.ref045]\] found that participants who completed 1 year of community-based MMT post-release worked twice as many days (122 days versus 56 days) relative to those who did not complete 1 year of MMT after prison release.

McKenzie et al. \[[@pmed.1003002.ref046]\] reported findings from an RCT (*n* = 62) assessing 3 conditions: one group of incarcerated persons who received MMT while in prison and a 12-week financial subsidy to continue treatment upon release (arm 1), a second group referred to MMT after prison release and provided with a 12-week financial subsidy (arm 2), and a third group referred to MMT with no provision of a financial subsidy upon release. Participants who received MMT while in prison were more likely to initiate MMT within 30 days post-prison release (86%, 41%, and 22% for arm 1, 2, and 3, respectively, *p \<* 0.001). Among those who entered MMT after prison release, those who received MMT in prison entered within fewer days (2, 9, and 5 days for arm 1, 2, and 3, respectively, *p* = 0.03). Those who received MMT pre-release reported, for the last 30 days, less heroin use (3, 18, and 4 days for arm 1, 2, and 3, respectively, *p* = 0.008), less use of other opiates (0, 6, and 1 day, *p* = 0.09), less crack/cocaine use (4, 13, and 6 days, *p* = 0.05), and less injection drug use (2, 12, and 3 days, *p* = 0.06). Farrell-MacDonald et al. \[[@pmed.1003002.ref052]\] examined administrative data from a cohort of 137 incarcerated women with OUD at a Canadian federal facility, comparing 3 groups: group 1 initiated MMT while incarcerated and continued MMT post-release, group 2 initiated MMT while incarcerated but terminated treatment post-release, and group 3 were women with OUD who did not participate in MMT while incarcerated. Women with OUD who received MMT while incarcerated and continued MMT post-release had a 65% lower risk of returning to custody during the 6-year follow-up period (HR = 0.35, 95% CI 0.13--0.90) compared to the women who did not participate in MMT while incarcerated.

### Buprenorphine maintenance treatment {#sec018}

Gordon et al. \[[@pmed.1003002.ref037],[@pmed.1003002.ref040],[@pmed.1003002.ref042]\] conducted an RCT (*n* = 211) comparing incarcerated persons with histories of heroin dependence. Participants were randomly assigned into 1 of 4 conditions: one group received in-prison BMT and continued treatment at an OAT program post-release, a second group received in-prison BMT and continued treatment at a community health center post-release, a third group received counseling only during their incarceration and treatment at an OAT program post-release, and a fourth group received counseling only during their incarceration and treatment at a community health center post-release. The authors determined that those who received BMT while incarcerated and continued at an OAT program post-release were more likely than the counseling only groups to enter prison treatment (adjusted odds ratio \[AOR\] = 2.8, 95% CI 1.3--5.7, *p* = 0.006) and to enter community treatment post-release (AOR = 1.5, 95% CI 1.1--2.1, *p* = 0.01) \[[@pmed.1003002.ref037]\]. Participants who received BPN while incarcerated had also higher rates of treatment retention at 12 months post-release compared to those who initiated BPN after release (*p* = 0.005) \[[@pmed.1003002.ref040]\]. However, the study did not discern any statistically significant effects of the receipt of BPN treatment during incarceration on days of heroin use, positive opioid and cocaine urine screening test results, and re-arrest rate at 12 months of follow-up \[[@pmed.1003002.ref040],[@pmed.1003002.ref042]\].

Zaller et al. \[[@pmed.1003002.ref047]\] conducted a clinical trial (*n* = 44) to evaluate the provision of BPN/NLX to incarcerated persons from the Rhode Island Department of Corrections (RIDOC) diagnosed with opioid dependence, specifically comparing those who initiated OAT during incarceration and post-release. Participants who received BPN/NLX while incarcerated started treatment earlier post-release (3.9 versus 8.8 days, *p* = 0.1) and had longer retention in OAT after release (24 versus 9 weeks, *p* = 0.007). The authors also determined that treatment retention was higher at 6 months post-release among those who started BPN/NLX treatment in prison relative to those who initiated BPN/NLX post-release (*p* = 0.005). Furthermore, rates of heroin use and re-incarceration were higher among those who started BPN treatment post-release, compared to participants who initiated BPN/NLX during their incarceration period.

### Injectable extended-release naltrexone {#sec019}

Six studies evaluated the impact of XR-NTX on relapse into illicit opioid use, treatment retention, re-incarceration, and healthcare utilization \[[@pmed.1003002.ref041],[@pmed.1003002.ref048]--[@pmed.1003002.ref050],[@pmed.1003002.ref055]\]. Gordon et al. \[[@pmed.1003002.ref041]\] conducted a clinical trial (*n* = 27) to evaluate the relationship between XR-NTX adherence and re-incarceration among persons with OUD prior to incarceration. The authors found that participants who completed XR-NTX treatment (involving 1 injection prior to release and 6 monthly injections post-release) were less likely to use illicit opioids during the course of the study, compared to those who did not complete the treatment (i.e., received \<6 injections, *p* = 0.003). In addition, participants who did not complete the treatment were more likely to be re-arrested (31.3% versus 0%) or re-incarcerated (18.8% versus 0%) relative to those who did complete the treatment; however, the differences in recidivism outcomes---including re-arrest and re-incarceration rates---were not statistically significant.

Lee et al. \[[@pmed.1003002.ref048]\] conducted a 5-site RCT (*n* = 308) comparing previously incarcerated participants receiving XR-NTX (*n* = 153) with those receiving treatment as usual, including BPN or MMT (*n* = 155). After the 24-week treatment and follow-up period, the participants assigned to receive XR-NTX had a longer median time to opioid relapse (10.5 versus 5.0 weeks, *p \<* 0.001; HR = 0.49, 95% CI 0.36--0.68), a lower rate of opioid relapse (43% versus 64%, *p \<* 0.001; OR = 0.43, 95% CI 0.28--0.65), and a higher rate of opioid-negative urine samples (74% versus 56%, *p \<* 0.001; OR = 2.30, 95% CI 1.48--3.54). However, at week 78 (approximately 1 year after the end of the treatment phase), the rates of opioid-negative urine samples were equal (46% in each group, *p* = 0.91). After 78 weeks of follow-up, there were no overdose events (fatal or nonfatal) among participants allocated to XR-NTX, and 7 among participants assigned to treatment as usual (*p* = 0.02).

Friedmann et al. \[[@pmed.1003002.ref049]\] conducted an RCT study with 15 incarcerated persons from RIDOC comparing one group of participants who received 1 XR-NTX injection prior to release followed by 5 monthly treatments post-release and a second group where participants received 6 XR-NTX injections in the community exclusively. The authors found that participants, who received their first dose of XR-NTX treatment prior to release, exhibited greater abstinence rates as determined by a higher proportion of self-reported opioid-free days at 2 weeks and 1 month post-release, relative to participants who received 6 doses of XR-NTX post-release (OR = 5.6, 95% CI 0.8--37.9, *p* = 0.08).

Lincoln et al. \[[@pmed.1003002.ref055]\] evaluated data from 67 incarcerated persons released from a Massachusetts county jail, comparing those who initiated XR-NTX treatment prior to release (*n* = 47) with those who initiated XR-NTX treatment post-release (*n* = 20). The authors found that receipt of XR-NTX injection prior to release was associated with increased XR-NTX treatment retention rates at 4, 8, and 24 weeks post-release (55% versus 25%, 36% versus 25%, and 21% versus 15%, respectively), compared to incarcerated persons who commenced the treatment post-release.

Soares et al. \[[@pmed.1003002.ref050]\] conducted additional analysis of the study described by Lee and colleagues \[[@pmed.1003002.ref048]\], evaluating the impact of XR-NTX treatment, compared to treatment as usual, on healthcare utilization among adults with a history of OUD involved in the criminal justice system. Although the authors did not identify any statistically significant differences in re-incarceration between those who received XR-NTX compared to those who received standard OAT, individuals who received XR-NTX experienced fewer medical and/or surgical hospital admissions during the 6-month treatment phase (incidence rate ratio \[IRR\] = 0.37, 95% CI 0.16--0.88, *p* = 0.02) and at 12 months post-treatment (IRR = 0.55, 95% CI 0.30--1.00, *p* = 0.05) relative to the treatment as usual group.

Opioid use interventions during incarceration {#sec020}
---------------------------------------------

### Study characteristics {#sec021}

Fourteen studies assessed the impact of OAT provision while incarcerated ([Table 3](#pmed.1003002.t003){ref-type="table"}). Seven of these studies were experimental \[[@pmed.1003002.ref056]--[@pmed.1003002.ref062]\], and 7 were observational \[[@pmed.1003002.ref026],[@pmed.1003002.ref063]--[@pmed.1003002.ref068]\]. Eight studies evaluated the impact of receiving OAT---primarily methadone---while incarcerated compared to opioid detoxification \[[@pmed.1003002.ref026],[@pmed.1003002.ref060]--[@pmed.1003002.ref064],[@pmed.1003002.ref067],[@pmed.1003002.ref068]\], and 2 studies evaluated the impact of methadone dose at the time of release \[[@pmed.1003002.ref065],[@pmed.1003002.ref066]\]. Three RCTs compared the efficacy of BPN and methadone \[[@pmed.1003002.ref057]--[@pmed.1003002.ref059]\], and 1 RCT compared BPN and dihydrocodeine for opiate detoxification within a UK prison setting \[[@pmed.1003002.ref056]\].

10.1371/journal.pmed.1003002.t003

###### Description of intervention and related outcomes of opioid use interventions during incarceration, 2008--2019.

![](pmed.1003002.t003){#pmed.1003002.t003g}

  Source                                                                                                                                                                                                                        Intervention                                                             Sample size                                   Outcomes/conclusions
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------ --------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Non-specified opioid agonist treatment**                                                                                                                                                                                                                                                                                                           
  Green et al., 2018 \[[@pmed.1003002.ref026]\]                                                                                                                                                                                 Cohort: OAT in prison                                                    *N* = 35                                      Overdose deaths in 2016: 179, with 26 recently incarcerated (14.5%)
  Overdose deaths in 2017: 157, with 9 recently incarcerated (5.7%)                                                                                                                                                                                                                                                                                    
  Reduction in overdose-related mortality after the release of new model of screening and OAT treatment in 2016: 60.5% (risk ratio = 0.4, 95% CI 18.4--80.9, *p* = 0.01)                                                                                                                                                                               
  Marsden et al., 2017 \[[@pmed.1003002.ref068]\]                                                                                                                                                                               Cohort: OAT vs. no OAT in prison                                         *N* = 12,260                                  All-cause mortality lower among OAT-exposed vs. unexposed group 4 weeks post-release: 0.93 per 100 PY vs. 3.67 per 100 PY (AHR = 0.25, 95% CI 0.09--0.64)
  Drug-related poisoning deaths lower among OAT-exposed vs. unexposed group 4 weeks post-release: 0.47 per 100 PY vs. 3.06 per 100 PY (AHR = 0.15, 95% CI 0.04--0.52)                                                                                                                                                                                  
  No group difference in mortality risk following the first month                                                                                                                                                                                                                                                                                      
  OAT-exposed group more likely to enter addiction treatment during first month post-release (OR = 2.47, 95% CI 2.31--2.65)                                                                                                                                                                                                                            
  Prison-based OAT associated with 75% reduction in all-cause mortality and 85% reduction in fatal drug-related poisoning during first month post-release                                                                                                                                                                                              
  **Methadone maintenance treatment**                                                                                                                                                                                                                                                                                                                  
  Rich et al., 2015 \[[@pmed.1003002.ref060]\]                                                                                                                                                                                  RCT (2 groups): MMT vs. forced tapered withdrawal during incarceration   *N* = 283                                     MMT access (within 1 month post-release) higher among in-prison MMT vs. forced withdrawal group (HR = 2.04, 95% CI 1.48--2.80, *p \<* 0.001)
  MMT initiation (within 1 month post-release) higher among in-prison MMT vs. forced withdrawal group (HR = 6.61, 95% CI 4.00--10.91, *p \<* 0.001)                                                                                                                                                                                                    
  Brinkley-Rubinstein et al., 2018 \[[@pmed.1003002.ref061]\]                                                                                                                                                                   RCT (2 groups): MMT vs. forced tapered withdrawal during incarceration   *N* = 179                                     **Impact at 12 months post-release of tapered withdrawal from methadone vs. MMT in prison**
  Heroin use during prior 30 days: 39.2% vs. 24.2% (OR = 2.02, 95% CI 1.01--4.04, *p \<* 0.05)                                                                                                                                                                                                                                                         
  Injection drug use during prior 30 days: 39.2% vs. 18.0% (OR = 2.95, 95% CI 1.43--6.06, *p \<* 0.05)                                                                                                                                                                                                                                                 
  Nonfatal overdose during prior 30 days: 17.7% vs. 7.0% (OR = 2.83, 95% CI 1.05--7.61, *p \<* 0.05)                                                                                                                                                                                                                                                   
  Continuous engagement in MMT: 26.0% vs. 45.2% (OR = 0.43, 95% CI 0.21--0.88, *p \<* 0.05)                                                                                                                                                                                                                                                            
  Moore et al., 2018 \[[@pmed.1003002.ref062]\]                                                                                                                                                                                 Clinical trial: MMT vs. forced tapered withdrawal during incarceration   *N* = 382                                     MMT group (during incarceration) more likely to start community-based MMT within 1 day post-release (OR = 32.04, 95% CI 7.55--136.01, *p \<* 0.001)
  MMT group more likely to start community-based MMT within 30 days post-release (OR = 6.08, 95% CI 3.43--10.79, *p \<* 0.001)                                                                                                                                                                                                                         
  McMillan et al., 2008 \[[@pmed.1003002.ref063]\]                                                                                                                                                                              Cohort with jail-based MMT                                               *N* = 589                                     No statistically significant effect of jail-based MMT on re-incarceration (HR = 1.16, 95% CI 0.81--1.68)
  No statistically significant effect of MMT dosage received upon release on re-incarceration rate (HR = 1.05 per additional 10 mg, 95% CI 0.99--1.12).                                                                                                                                                                                                
  Data do not support the hypothesis that jail-based MMT increases or reduces re-incarceration                                                                                                                                                                                                                                                         
  Marzo et al., 2009 \[[@pmed.1003002.ref064]\]                                                                                                                                                                                 Cohort: OAT (MMT or BPN) in prison                                       *N* = 507 (MMT, 104; BPN, 290; no OST, 113)   OAT delivered to 77.7% of opioid-dependent patients during imprisonment
  After adjustment for confounders, MMT not associated with a reduced rate of re-incarceration (aRR = 1.28, 95% CI 0.89--1.85, *p* = 0.19)                                                                                                                                                                                                             
  Wickersham et al., 2013 \[[@pmed.1003002.ref065]\]                                                                                                                                                                            Cohort: methadone dose at release \<80 mg/daily vs. ≥80 mg/daily         *N* = 27                                      Methadone dose of ≥80 mg/daily associated with treatment retention
  At 12 months post-release, 21.4% of participants on \<80 mg/daily were retained vs. 61.5% of those on ≥80 mg/daily (*p \<* 0.01)                                                                                                                                                                                                                     
  Wickersham et al., 2013 \[[@pmed.1003002.ref066]\]                                                                                                                                                                            Cohort: methadone dose at release \<80 mg/daily vs. ≥80 mg/daily         *N* = 72                                      Methadone dose of ≥80 mg/daily associated with treatment retention
  At 12 months post-release, 29.0% of participants on ≤80 mg/daily were retained vs. 73.1% of those on \>80 mg/daily (*p \<* 0.001)                                                                                                                                                                                                                    
  Westerberg et al., 2016 \[[@pmed.1003002.ref067]\]                                                                                                                                                                            Cohort: MMT in jail vs. opioid detox                                     *N* = 960                                     Participants who received MMT in prison less likely to be re-incarcerated after 1 year vs. opioid detox group (53.4% vs. 72.2%, *p \<* 0.001)
  Among those re-incarcerated within 1 year, the number of days to rebooking was longer for participants who received MMT in prison vs. opioid detox group (275.6 days \[SD 124.9\] vs. 236.3 days \[SD 131.2\], *p* = 0.035)                                                                                                                          
  97.8% of participants who received MMT in prison continued MMT post-release                                                                                                                                                                                                                                                                          
  **Buprenorphine maintenance treatment**                                                                                                                                                                                                                                                                                                              
  Sheard et al., 2009 \[[@pmed.1003002.ref056]\]                                                                                                                                                                                RCT (2 groups): BPN vs. DHC in prison                                    *N* = 90 (BPN, 42; DHC, 48)                   At 5 days post-detox: BPN group more likely to have a negative opioid test (RR = 1.61, 95% CI 1.02--2.56, *p* = 0.04)
  At 1, 3, and 6 months: no statistically significant differences found between the groups                                                                                                                                                                                                                                                             
  Magura et al., 2009 \[[@pmed.1003002.ref057]\]                                                                                                                                                                                RCT (2 groups): BPN vs. MMT in jail                                      *N* = 116 (BPN, 60; MMT, 56)                  While incarcerated, BPN group more likely to report to assigned addiction treatment post-release vs. MMT (48% vs. 14%, *p \<* 0.001)
  While incarcerated, BPN group more likely to report intention to continue addiction treatment post-release vs. MMT (93% vs. 44%, *p \<* 0.001)                                                                                                                                                                                                       
  BPN group less likely to withdraw voluntarily from medication while in jail vs. MMT (3% vs. 16%, *p \<* 0.05)                                                                                                                                                                                                                                        
  Awgu et al., 2010 \[[@pmed.1003002.ref058]\]                                                                                                                                                                                  RCT (2 groups): BPN vs. MMT in jail                                      *N* = 114 (BPN, 60; MMT, 54)                  MMT patients reported more side effects than BPN patients, including depression (*p \<* 0.01), constipation (*p \<* 0.01), confusion (*p \<* 0.01), and fatigue/weakness (*p \<* 0.05)
  MMT patients reported more opioid withdrawal symptoms (85% vs. 53%, *p \<* 0.001)                                                                                                                                                                                                                                                                    
  Wright et al., 2011 \[[@pmed.1003002.ref059]\]                                                                                                                                                                                RCT: MMT vs. BPN                                                         *N* = 289 (MMT, 148; BPN, 141)                MMT vs. BPN had equal clinical effectiveness in achieving abstinence at follow-up
  Predictors of abstinence: continued incarceration and abstinence during previously measured period                                                                                                                                                                                                                                                   
  **Impact of incarceration vs. release on abstinence**                                                                                                                                                                                                                                                                                                
  At 8 days post-detoxification, participants still in prison were more likely to be abstinent than those released to the community: OR = 15.2 (95% CI 4.2--55.3, *p \<* 0.001)                                                                                                                                                                        
  At 1 month post-detoxification, participants still in prison were more likely to be abstinent than those released to the community: OR = 7.0 (95% CI 2.2--22.2, *p* = 0.001)                                                                                                                                                                         
  **Impact of abstinence on previous measurement of current abstinence**                                                                                                                                                                                                                                                                               
  At 1 month of follow-up, abstinence at 8 days of follow-up vs. not: OR = 4.5 (95% CI 1.9--10.3, *p \<* 0.001)                                                                                                                                                                                                                                        
  At 3 of months follow-up, abstinence at 1 month of follow-up vs. not: OR = 8.6 (95% CI 3.2--23.3, *p \<* 0.001)                                                                                                                                                                                                                                      
  At 6 months of follow-up, abstinence at 3 months of follow-up vs. not: OR = 32.8 (95% CI 6.1--176.6, *p \<* 0.001)                                                                                                                                                                                                                                   

AHR, adjusted hazard ratio; aRR, adjusted relative risk; BPN, buprenorphine; DHC, dihydrocodeine; HR, hazard ratio; MMT, methadone maintenance treatment; OR, odds ratio; OST, opioid substitution treatment; OAT, opioid agonist treatment; PY, person-years; RR, relative risk.

### Non-specified opioid substitution treatment {#sec022}

Two studies assessed the impact of receiving OAT while incarcerated on opioid-related overdose mortality outcomes post-release, with both identifying large and significant reductions among incarcerated individuals with OUD who received OAT in prison/jail, compared to those who did not receive OAT during their incarceration period \[[@pmed.1003002.ref026],[@pmed.1003002.ref068]\]. Green et al. \[[@pmed.1003002.ref026]\] assessed the impact of a new model of screening and treatment for OUD started at RIDOC in 2016, involving the initiation and continuation of OAT in incarcerated individuals. Between 2016 and 2017, the authors identified a 60.5% reduction in opioid-related overdose deaths post-incarceration (26 deaths versus 9 deaths; risk ratio = 0.4, 95% CI 0.18--0.81, *p* = 0.01).

Marsden et al. \[[@pmed.1003002.ref068]\] evaluated data from a large national cohort of 12,260 incarcerated persons diagnosed with OUD from 39 adult prisons in England, 6,662 of whom received OAT while incarcerated. The study found substantial reductions in all-cause mortality (AHR = 0.25, 95% CI 0.09--0.64) and drug-related mortality (85%; AHR = 0.15, 95% CI 0.04--0.52) within the first month of release associated with OAT exposure at the time of release. Receipt of prison-based OAT during incarceration was also associated with an increased likelihood of entering community drug treatment within 4 weeks post-release (OR = 2.47, 95% CI 2.31--2.65).

### Methadone maintenance treatment {#sec023}

Multiple studies showed that individuals with OUD who engage with MMT while incarcerated exhibit better opioid-use-related health outcomes, both during their incarceration period and post-release. Brinkley-Rubinstein et al. \[[@pmed.1003002.ref061]\] reported 12-month findings from an RCT involving 179 incarcerated persons from Rhode Island (RIDOC) who had been engaged in MMT prior to their incarceration. Participants were randomly assigned into 1 of 2 groups, with the first group receiving continued access to MMT during their incarceration period (*n* = 128) and the second group undergoing tapered withdrawal from MMT within 1 week of their incarceration (*n* = 51). At 12 months post-release, participants who were assigned to tapered withdrawal from methadone after the first week of incarceration were more likely to use heroin (OR = 2.02, 95% CI 1.01--4.04, *p \<* 0.05) and injection drugs (OR = 2.95, 95% CI 1.43--6.06, *p \<* 0.05) compared to those who continued MMT while incarcerated.

Multiple studies have found that individuals with OUD who receive MMT during their incarceration period are more likely to access, initiate, and adhere to addiction treatment post-release, compared with individuals who do not receive MMT during their incarceration \[[@pmed.1003002.ref060]--[@pmed.1003002.ref062]\]. Findings from the RCT conducted by Brinkley-Rubinstein et al. \[[@pmed.1003002.ref061]\] also indicated that those who were assigned to tapered withdrawal from methadone after the first week of incarceration were significantly more likely to experience a nonfatal overdose during the 12-month follow-up period, compared to those who received MMT while incarcerated (OR = 2.83, 95% CI 1.05--7.61, *p \<* 0.05). Rich et al. \[[@pmed.1003002.ref060]\] also conducted an RCT with 223 incarcerated persons from Rhode Island who had been engaged in MMT at the time of their arrest, comparing a group of participants who were maintained on MMT while incarcerated (*n* = 114) with a second group who underwent forced tapered withdrawal from MMT within 1 week of incarceration (*n* = 109). Participants who were maintained on MMT while incarcerated were 2 times more likely to return to a community methadone clinic within 1 month of release compared to incarcerated persons who underwent forced tapered withdrawal (HR = 2.04, 95% CI 1.48--2.80, *p \<* 0.001).

A trial conducted by Moore et al. \[[@pmed.1003002.ref062]\] compared incarcerated persons who continued engagement in MMT (*n* = 184) with a control group who underwent forced tapered withdrawal from MMT while in jail (*n* = 198). The authors found that participants who were maintained on MMT during incarceration were more likely to engage in community-based MMT within 1 day (OR = 32.04, 95% CI 7.55--136.01, *p \<* 0.001) and 30 days post-release (OR = 6.08, 95% CI 3.42--10.79, *p \<* 0.001), compared to incarcerated persons with OUD who underwent forced tapered withdrawal from MMT.

Wickersham et al. \[[@pmed.1003002.ref065],[@pmed.1003002.ref066]\] conducted a longitudinal study among 72 HIV-positive incarcerated persons with OUD opioid dependence in Malaysia. Findings indicated that receiving MMT during incarceration and receiving a dose of ≥80 mg/day at the time of release was significantly associated with retention in addiction treatment at 12 months post-release compared to receiving a dose of \<80 mg/day at the time of release (73.1% versus 29.0%, *p \<* 0.001).

Westerberg et al. \[[@pmed.1003002.ref067]\] examined re-incarceration outcomes among 960 incarcerated persons from a large US metropolitan detention center. The study compared individuals with OUD who were enrolled in community MMT prior to incarceration and continued MMT during their incarceration period (*n* = 118) with 3 groups: incarcerated individuals with no known substance use disorders (*n* = 385), incarcerated individuals receiving alcohol detoxification (*n* = 220), and incarcerated individuals receiving opioid detoxification (*n* = 237). The authors found that those enrolled in MMT while incarcerated were less likely to be re-incarcerated within 1 year post-release, compared to those who received opioid detoxification while incarcerated (53.4% versus 72.2%, *p \<* 0.001). Among individuals who were re-incarcerated within 1 year, the number of days to rebooking into the detention center was higher for participants who received MMT during incarceration compared to the opioid detoxification group (275.6 days versus 236.3 days, *p* = 0.035). Furthermore, among individuals who received MMT while incarcerated, 97.8% continued to be enrolled in MMT at community clinics post-release.

### Buprenorphine maintenance treatment {#sec024}

Four studies compared the effects of providing BMT relative to other---primarily pharmacological---forms of treatment for OUD during incarceration \[[@pmed.1003002.ref056]--[@pmed.1003002.ref059]\]. Sheard et al. \[[@pmed.1003002.ref056]\] conducted an RCT with 90 incarcerated persons from a large prison in England, comparing 1 group of participants who received daily sublingual BPN over 20 days (*n* = 42) with a second group receiving daily oral dihydrocodeine over 20 days (*n* = 48) on abstinence from illicit opiates. At 5 days post-detoxification, participants receiving BPN were more likely to present a negative urine test for opiates compared to those who received dihydrocodeine (57% versus 35%, relative risk = 1.61, 95% CI 1.02--2.56).

Magura et al. \[[@pmed.1003002.ref057]\] conducted a study in 2009 among heroin-dependent incarcerated persons at Rikers Island in New York City (*n* = 116) to compare the effects of in-jail BMT and MMT. Participants were randomly assigned to receive BMT (*n* = 60) or MMT (*n* = 56). The authors found that incarcerated persons receiving BMT were less likely to withdraw from medication while in jail (3% versus 16%, *p* \< 0.05) and more likely to report to assigned addiction treatment post-release (48% versus 14%, *p \<* 0.001), compared to those receiving MMT while incarcerated. However, they observed no differences in self-reported rates of relapse into illicit opioid use post-release or in rates of re-incarceration between the 2 groups. Awgu et al. later \[[@pmed.1003002.ref058]\] conducted a clinical trial in 2010 to compare in-jail BMT and MMT among 133 incarcerated persons with OUD at Rikers Island, with 77 participants enrolled in the BMT group and 56 participants enrolled in the MMT group. The authors found that participants who received in-jail MMT reported higher levels of opioid withdrawal symptoms (85% versus 53%, *p \<* 0.001) and more side effects, including depression (*p \<* 0.01), constipation (*p \<* 0.01), confusion (*p \<* 0.01), and fatigue/weakness (*p \<* 0.05).

Wright et al. \[[@pmed.1003002.ref059]\] compared the effects of receiving either a methadone or BPN detoxification during a reduced regimen of not more than 20 days among 306 UK incarcerated persons with OUD. Participants were randomly assigned to receive daily sublingual BPN (*n* = 141) or to receive oral methadone treatment (*n* = 148). Eight days after the detoxification, 73.7% of participants achieved abstinence---with no statistically significant difference between the BPN and MMT groups (OR = 1.69, 95% CI 0.81--3.51, *p* = 0.163). Incarceration was the major predictor of abstinence, compared to prison release ([Table 3](#pmed.1003002.t003){ref-type="table"}).

Opioid use interventions post-incarceration {#sec025}
-------------------------------------------

### Study characteristics {#sec026}

Eleven studies evaluated opioid interventions delivered after incarceration, with follow-up periods ranging from 1 month to 7 years post-release ([Table 4](#pmed.1003002.t004){ref-type="table"}). Seven of these studies were observational \[[@pmed.1003002.ref069]--[@pmed.1003002.ref075]\], and 4 were experimental \[[@pmed.1003002.ref076]--[@pmed.1003002.ref079]\]. Two studies evaluated the impact of post-release MMT continuation on all-cause and overdose mortality \[[@pmed.1003002.ref069]\] and on criminal recidivism \[[@pmed.1003002.ref071]\]. Five studies evaluated the impact of BPN-based opioid pharmacotherapy post-release on access to and/or retention in addiction treatment, levels of illicit opioid use, and criminal recidivism \[[@pmed.1003002.ref070],[@pmed.1003002.ref072],[@pmed.1003002.ref073],[@pmed.1003002.ref076],[@pmed.1003002.ref077]\]. One RCT compared the efficacy of MMT and naltrexone implants post-release in reducing illicit drug use and criminal recidivism \[[@pmed.1003002.ref078]\], and 3 studies evaluated the impact of NLX kit provision in preventing overdose-related deaths post-release \[[@pmed.1003002.ref074],[@pmed.1003002.ref075],[@pmed.1003002.ref079]\].

10.1371/journal.pmed.1003002.t004

###### Description of intervention and related outcomes of opioid use interventions post-incarceration, 2008--2019.

![](pmed.1003002.t004){#pmed.1003002.t004g}

  Source                                                                                                                                                                                                                 Intervention                                                                                 Sample size                                                               Outcomes/conclusions
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------- ------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Methadone maintenance treatment**                                                                                                                                                                                                                                                                                                                                                           
  Huang et al., 2011 \[[@pmed.1003002.ref069]\]                                                                                                                                                                          Cohort: MMT post-release                                                                     *N* = 4,357 (MMT, 1,982; no MMT, 2,375)                                   46% of participants enrolled in MMT post-release, with 127 participants (6%) enrolled during the first 30 days post-release
  Significant protective effect of MMT attendance on all-cause mortality (HR = 0.07, 95% CI 0.02--0.21, *p \<* 0.001).                                                                                                                                                                                                                                                                          
  **Mortality rate (deaths per 100 PY)**                                                                                                                                                                                                                                                                                                                                                        
  During MMT (0.24 deaths per 100 PY, 95% CI 0.08--0.74)                                                                                                                                                                                                                                                                                                                                        
  Not enrolled on MMT (2.6 deaths per 100 PY, 95% CI 2.1--3.1)                                                                                                                                                                                                                                                                                                                                  
  After MMT drop-out in community (7.0 deaths per 100 PY, 95% CI 4.8--10.2)                                                                                                                                                                                                                                                                                                                     
  Macswain et al., 2014 \[[@pmed.1003002.ref071]\]                                                                                                                                                                       Cohort: MMT post-release---continued MMT (MMT-C), discontinued MMT (MMT-T), no MMT (MMT-N)   *N* = 856 (MMT-C, 161; MMT-T, 481; MMT-N, 214)                            Incarcerated persons who continued MMT post-release had a 36% lower risk of recidivism vs. non-MMT-treated group (AHR = 0.64, 95% CI 0.47--0.88, *p \<* 0.01)
  No significant difference between the MMT-T and MMT-N groups                                                                                                                                                                                                                                                                                                                                  
  **Buprenorphine maintenance treatment**                                                                                                                                                                                                                                                                                                                                                       
  Lee et al., 2012 \[[@pmed.1003002.ref070]\]                                                                                                                                                                            Cohort: BPN in jail vs. community referral                                                   *N* = 142 (jail, 32; community, 110)                                      Similar treatment retention and rates of opioid abstinence between jail-treated vs. community-referred patients
  **BPN treatment retention**                                                                                                                                                                                                                                                                                                                                                                   
  At 48 weeks: 37% for BPN in jail vs. 30% for community referral                                                                                                                                                                                                                                                                                                                               
  Mean opioid use decreased from 7 days/week at prearrest/induction visit to 1 day/week at week 12 among overall sample, with no statistically significant difference between the 2 groups                                                                                                                                                                                                      
  Fox et al., 2014 \[[@pmed.1003002.ref072]\]                                                                                                                                                                            Cohort: BPN/NLX post-release                                                                 *N* = 27                                                                  At 1-month follow-up, 82% of participants were retained in care and 44% had reduced opioid use
  At 6-months follow-up, 33% of participants were retained in case and 19% had reduced opioid use                                                                                                                                                                                                                                                                                               
  Riggins et al., 2017 \[[@pmed.1003002.ref073]\]                                                                                                                                                                        Cohort: BMT during first 30 days post-release                                                *N* = 306                                                                 **After adjustment for potential confounding variables, recent incarceration was not significantly associated with outcomes**
  BMT retention at 6 months (OR = 0.95, 95% CI 0.46--1.98)                                                                                                                                                                                                                                                                                                                                      
  BMT retention at 12 months (OR = 0.57, 95% CI 0.27--1.18)                                                                                                                                                                                                                                                                                                                                     
  Self-reported opioid use (OR = 0.99, 95% CI 0.51--1.92)                                                                                                                                                                                                                                                                                                                                       
  Springer et al., 2010 \[[@pmed.1003002.ref076]\]                                                                                                                                                                       RCT (2 groups): BPN/NLX vs. MMT incarcerated persons recently released (\<90 days)           *N* = 23 (BPN/NLX)                                                        **Evaluation of BPN/NLX group at 12 weeks of follow-up**
  91% of participants completed the induction period (approximately 3 days)                                                                                                                                                                                                                                                                                                                     
  Mean opioid craving (based on 10-point scale) decreased from 6 to 1.8 following induction; 2.2 at end of follow-up                                                                                                                                                                                                                                                                            
  74% retention rate after 12 weeks                                                                                                                                                                                                                                                                                                                                                             
  Positive urine test for opiates: 29% at baseline vs. 17% at follow-up                                                                                                                                                                                                                                                                                                                         
  Positive urine test for cocaine: 43% at baseline vs. 29% at follow-up (29%)                                                                                                                                                                                                                                                                                                                   
  Springer et al., 2012 \[[@pmed.1003002.ref077]\]                                                                                                                                                                       RCT: BPN/NLX vs. MMT among incarcerated persons recently released (\<90 days)                *N* = 94                                                                  The mean opioid craving score was 5.5 at the time of baseline induction, and reduced to 1.0 by the end of week 1 (opioid craving remained consistent at the 24-week end point)
  Satisfaction with BPN/NLX treatment was high, with a mean satisfaction score of 9 by the end of the first week of induction rising to a mean of 10 throughout the rest of the 24 weeks of the study (10-point scale)                                                                                                                                                                          
  **Naltrexone implant**                                                                                                                                                                                                                                                                                                                                                                        
  Lobmaier et al., 2010 \[[@pmed.1003002.ref078]\]                                                                                                                                                                       RCT: MMT vs. NTX implant (pre-release)                                                       *N* = 44 (MMT, 21; NTX, 23)                                               NTX implant group more likely to be on medication after 6 months of follow-up vs. MMT group (69.6% vs. 23.8%, *p* = 0.003)
  There were no statistically significant differences between NTX and MMT groups in substance use and criminal activity                                                                                                                                                                                                                                                                         
  Re-incarceration rates were comparable in both groups: 21.7% in NTX group and 23.8% in MMT group spent 1 or more days in a Norwegian prison during follow-up                                                                                                                                                                                                                                  
  **Naloxone kit**                                                                                                                                                                                                                                                                                                                                                                              
  Bird et al., 2016 \[[@pmed.1003002.ref074]\]                                                                                                                                                                           Cohort: before vs. after start of program dispensing NLX kit upon release                    *N* = 2,273 NLX kits issued to incarcerated persons upon prison release   **ORDs before vs. after start of Scotland's National Naloxone Program**
  2006--2010: 9.8% ORDs (193 ORDs among people released from prison of 1,970 ORDs registered in the period)                                                                                                                                                                                                                                                                                     
  2011--2013: 6.3% ORDs (76 ORDs among people released from prison of 1,212 ORDs registered in the period)                                                                                                                                                                                                                                                                                      
  Decrease of ORDs: 3.5% (95% CI 1.6%--5.4%, *p \<* 0.001)                                                                                                                                                                                                                                                                                                                                      
  Bird et al., 2017 \[[@pmed.1003002.ref075]\]                                                                                                                                                                           Cohort: NLX kit upon release                                                                 *N* = 4,124 NLX kits issued to incarcerated persons upon prison release   **Observed ORDs within 4 weeks of prison release**
  2006--2010: 193 ORDs among people released from prison of 1,970 ORDs registered in the period (9.8%, 95% CI 8.5%--11.1%)                                                                                                                                                                                                                                                                      
  2011--2012: 76 ORDs among people released from prison, of 1,212 ORDs registered in the period (6.3%, 95% CI 4.9%--7.6%)                                                                                                                                                                                                                                                                       
  2014--2015: 37 ORDs among people released from prison, of 942 ORDs registered in the period (3.9%, 95% CI 2.7%--5.2%)                                                                                                                                                                                                                                                                         
  60% reduction in ORDs observed in the 2014--2015 calendar year vs. 2006--2010                                                                                                                                                                                                                                                                                                                 
  Parmar et al., 2017 \[[@pmed.1003002.ref079]\]                                                                                                                                                                         RCT: NLX kit upon release vs. no overdose prevention kit                                     *N* = 1,557                                                               842 NLX kits delivered and compared to 843 control (empty) kits
  Participants who carried NLX kit (or empty kit) during the first 4 weeks post-release: 75% (95% CI 63%--79%)                                                                                                                                                                                                                                                                                  
  Participants present during an opioid-related overdose: 80% (95% CI 75%--84%)                                                                                                                                                                                                                                                                                                                 
  Provision of NLX upon release is feasible, is acceptable, and may be life-saving to prevent opioid-related overdose                                                                                                                                                                                                                                                                           

AHR, adjusted hazard ratio; BMT, buprenorphine maintenance treatment; BPN, buprenorphine; HR, hazard ratio; MMT, methadone maintenance treatment; NLX, naloxone; NTX, naltrexone; OR, odds ratio; ORD, opioid-related death; PY, person years.

### Methadone maintenance treatment {#sec027}

Two cohort studies evaluated the impact of providing MMT to incarcerated individuals post-release \[[@pmed.1003002.ref069],[@pmed.1003002.ref071]\]. Huang et al. \[[@pmed.1003002.ref069]\] analyzed administrative data from a cohort of 4,357 incarcerated persons with a history of opiate injection. The study found that 46% of individuals (*n* = 1,982) had enrolled in MMT by 18 months after their release from prison; however, the majority (*n* = 1,282, 65%) discontinued MMT shortly after enrolling. MRs were lowest among individuals who remained in MMT during the follow-up period (MR = 0.24/100 PY), followed by those who did not enroll in MMT post-release (MR = 2.6/100 PY). The highest mortality rate was observed among MMT enrollees who dropped out of treatment (MR = 7.0/100 person-years). Post-release MMT attendance had a significant protective effect on both overdose mortality (HR = 0.09, *p* = 0.02) and all-cause mortality (HR = 0.07, *p* \< 0.001). Moreover, risk of re-incarceration was found to be the lowest among those who continued MMT post-release (3.4%), compared to those who had never enrolled in MMT (40.0%) or dropped out of MMT during the follow-up period (61.1%, *p* \< 0.001).

Macswain et al. \[[@pmed.1003002.ref071]\] examined data from a cohort of 856 incarcerated persons with OUD at a Canadian federal correctional facility, to determine the impact of MMT on re-incarceration. The study compared 3 groups: individuals who received MMT while incarcerated and continued treatment in the community post-release (*n* = 161), individuals who terminated MMT involvement upon release (*n* = 481), and individuals who did not participate in MMT during their incarceration (*n* = 214). The authors found that individuals who continued engagement in MMT post-release had a 36% lower risk of criminal recidivism, compared to those who did not engage in MMT during their incarceration (AHR = 0.64, 95% CI 0.47--0.88, *p* \< 0.01). No significant difference in recidivism risk was found between those who terminated MMT involvement upon release and those who did not engage in MMT during their incarceration.

### Buprenorphine maintenance treatment {#sec028}

Five studies evaluated the impact of post-release BPN-based treatments on treatment retention, illicit opioid use, and criminal recidivism \[[@pmed.1003002.ref070],[@pmed.1003002.ref072],[@pmed.1003002.ref073],[@pmed.1003002.ref076],[@pmed.1003002.ref077]\]. Springer et al. \[[@pmed.1003002.ref076],[@pmed.1003002.ref077]\] examined data from a group of HIV-positive incarcerated persons with OUD who received BPN/NLX treatment post-release. The authors found high levels of treatment retention, with 91% of participants completing BPN/NLX induction and 74% remaining on treatment after 12 weeks. Participants further reported reduced opioid cravings and consistently high levels of treatment satisfaction at 12 weeks follow-up, and adverse events were found to be mild and few.

A study conducted by Lee et al. \[[@pmed.1003002.ref070]\] compared treatment retention and opioid misuse among opioid-dependent adults seeking BPN/NLX treatment in the community, including one group of incarcerated persons recently released (*n* = 32, 22 of whom initiated BPN/NLX while incarcerated) and a second group of patients with no recent incarceration history (*n* = 110). At 48 weeks, the authors found similar BPN/NLX retention rates among previously incarcerated persons (37%) and general patients (30%). Positive urine test results for opiates, as well as rates of self-reported opioid misuse, were also similar between the 2 groups.

Fox et al. \[[@pmed.1003002.ref072]\] examined electronic medical record data to determine health outcomes and healthcare utilization among a group of opioid-dependent patients (*n* = 27) released from the New York State Department of Corrections between 2009 and 2013. At 1-month follow-up, 82% of individuals were retained in BPN/NLX treatment and 44% had reduced opioid use (defined as ≥50% of urine drug test results without opioids). After 6 months of follow-up, 33% of participants were retained on BPN/NLX treatment, and 19% had reduced their opioid use.

Riggins et al. \[[@pmed.1003002.ref073]\] analyzed data from a cohort of HIV-positive patients diagnosed with opioid dependence who were receiving BMT. Among patients incarcerated in the previous 30 days, those who were retained in BMT had lower rates of subsequent incarceration at 6 months (8.4% versus 27.9%, *p* \< 0.01), 9 months (4.9% versus 20.4%, *p* \< 0.01), and 12 months of follow-up (6.2% versus 24.8%, *p* \< 0.01), compared to those who were not retained in BMT.

### Naltrexone implants {#sec029}

Lobmaier et al. \[[@pmed.1003002.ref078]\] conducted an RCT with 44 incarcerated persons with OUD in Norway comparing treatment outcomes and retention among 2 groups: individuals who received naltrexone implants 1 month prior to release (*n* = 23) and individuals who received MMT 1 month prior to release (*n* = 21). After 6 months of follow-up, relapse to heroin use was less likely among the naltrexone group relative to the MMT group (*p* = 0.012). Moreover, at 6 months follow-up post-release, 69.6% of the participants in the naltrexone implant group remained engaged in the naltrexone treatment, compared to 23.8% in the MMT group (*p* = 0.003). Rates of re-incarceration during the 6-month follow-up period were comparable across both groups, at 21.7% in the naltrexone group and 23.8% in the MMT group.

### Naloxone kit provision {#sec030}

Three studies evaluated the impact of providing NLX kits to incarcerated persons upon release from a correctional institution, as a strategy to prevent opioid-related overdose deaths \[[@pmed.1003002.ref074],[@pmed.1003002.ref075],[@pmed.1003002.ref079]\]. Parmar et al. \[[@pmed.1003002.ref079]\] conducted a large-scale RCT among UK incarcerated persons with history of heroin injection (*n* = 1,557) in order to evaluate the feasibility of providing NLX kits upon prison release to prevent opioid-related overdose. Participants were randomly assigned to either the experimental group, where they received a pack containing a single "rescue" injection of NLX (*n* = 842), or the control group, where they received a pack containing a placebo injection (*n* = 843). Randomization was prematurely discontinued as it was found that only one-third of NLX administrations were delivered to former incarcerated persons. The study ultimately included results from 205 former incarcerated persons, with 112 in the experimental group and 93 in the control group. Twenty-one percent of experimental group participants reported administration of NLX to themselves or to someone else before the arrival of a doctor or ambulance, compared to 9% for the control group (*p* = 0.02).

Bird et al. conducted 2 studies \[[@pmed.1003002.ref074],[@pmed.1003002.ref075]\] to evaluate the impact of Scotland's implementation of the National Naloxone Program (NNP) for reducing opioid-related deaths, which involved training about NLX administration and distribution of NLX kits to at-risk incarcerated persons upon prison release. The first study assessed data from 2,273 formerly incarcerated persons, and found that post-release opioid-related deaths decreased significantly following the implementation of the program \[[@pmed.1003002.ref074]\]. Between 2006 and 2010---prior to the introduction of the NNP---9.8% of opioid-related deaths were among formerly incarcerated persons within 4 weeks of release (*p* \< 0.001). Between 2011 and 2013---after NNP implementation---6.3% of opioid-related deaths were among formerly incarcerated persons within 4 weeks of release (*p* \< 0.001). Bird et al. conducted a subsequent analysis arriving at similar results: specifically, the authors reported a 60% reduction in the proportion of opioid-related deaths within 4 weeks of prison release from 2006--2010 (i.e., prior to program implementation) to 2014--2015 \[[@pmed.1003002.ref075]\]. Rates of opioid-related deaths within 4 weeks of prison release were 19.8% in 2006--2010, 6.3% in 2011--2013, and 3.9% in 2014--2015, illustrating a continuous decrease in overdose-related deaths among former Scottish incarcerated persons, largely attributed to the introduction of the NNP.

Discussion {#sec031}
==========

The objective of this systematic review was to describe the impact of opioid-related interventions delivered during and after incarceration among adult correctional populations. A strong evidence base exists emphasizing the positive impact of providing opioid-related interventions to incarcerated persons with OUD, particularly during a continuum of treatment prior to, during, and after incarceration. A key finding in this review is that pharmacological interventions including MMT, BPN/NLX, and NLX have positive impacts on post-release mortality, substance use, treatment adherence, and criminogenic outcomes if treatment is administered during incarceration and continued upon release \[[@pmed.1003002.ref035],[@pmed.1003002.ref041],[@pmed.1003002.ref048],[@pmed.1003002.ref052],[@pmed.1003002.ref053],[@pmed.1003002.ref071]\]. Evidence from this review also suggests that incarcerated individuals who are exposed to OAT in correctional institutions are more likely to be engaged and retained in community-based treatments upon release.

Studies identified the effectiveness of providing opioid-related interventions during a continuum of treatment (before, during, and/or after incarceration), in support of the highly important concept of the "criminal justice continuum of care" for opioid users at risk of overdose, as introduced by Dr. Lauren Brinkley-Rubinstein and colleagues \[[@pmed.1003002.ref013]\]. Our systematic review identified that receiving OAT during incarceration \[[@pmed.1003002.ref035],[@pmed.1003002.ref036],[@pmed.1003002.ref051],[@pmed.1003002.ref053],[@pmed.1003002.ref054]\] was associated with reduced risk of re-incarceration \[[@pmed.1003002.ref051]\], higher treatment adherence \[[@pmed.1003002.ref053]\], and reduced mortality risk, both during and after incarceration \[[@pmed.1003002.ref035],[@pmed.1003002.ref036],[@pmed.1003002.ref054]\]. Similarly, receiving MMT was, in general, associated with higher community-based treatment adherence and retention, reduced illicit opioid use, and reduced re-incarceration \[[@pmed.1003002.ref038],[@pmed.1003002.ref039],[@pmed.1003002.ref043]--[@pmed.1003002.ref045],[@pmed.1003002.ref052]\]. Receiving BPN while incarcerated \[[@pmed.1003002.ref037],[@pmed.1003002.ref040],[@pmed.1003002.ref047]\] was also associated with higher treatment adherence post-release and lower rates of substance use and re-incarceration, compared with starting BPN treatment post-release \[[@pmed.1003002.ref047]\]. In the same regard, XR-NTX treatment during incarceration \[[@pmed.1003002.ref041],[@pmed.1003002.ref048]--[@pmed.1003002.ref050],[@pmed.1003002.ref055]\] was associated with reduced relapse into illicit opioid use \[[@pmed.1003002.ref041],[@pmed.1003002.ref048],[@pmed.1003002.ref049]\], reduced re-arrest likelihood \[[@pmed.1003002.ref041]\], and fewer hospital admissions \[[@pmed.1003002.ref050]\], along with higher treatment retention \[[@pmed.1003002.ref055]\] and reduced overdose events, compared to receiving other treatments, including BPN or MMT \[[@pmed.1003002.ref048]\]. However, the impact of XR-NTX treatment on re-incarceration rates remains unclear and warrants further research and evaluation.

There is also strong evidence from studies analyzing the impact of opioid-related interventions during incarceration. Receiving OAT during incarceration was associated with reduced opioid-related overdose deaths post-incarceration \[[@pmed.1003002.ref026],[@pmed.1003002.ref068]\] and increased community-based treatment entry \[[@pmed.1003002.ref068]\]. Similarly, receiving MMT was associated with better health outcomes \[[@pmed.1003002.ref061]\], including reduced nonfatal overdoses \[[@pmed.1003002.ref062]\] and increased treatment adherence and retention \[[@pmed.1003002.ref060],[@pmed.1003002.ref062],[@pmed.1003002.ref065],[@pmed.1003002.ref066],[@pmed.1003002.ref067]\]. Compared to incarcerated individuals undergoing tapered withdrawal from MMT, those who continue receiving MMT while in correctional institutions have reduced illicit opioid use \[[@pmed.1003002.ref061]\] and higher rates of return to community-based treatment upon release \[[@pmed.1003002.ref060]\]. Compared to incarcerated individuals who received opioid detoxification, individuals who received MMT were less likely to be re-incarcerated \[[@pmed.1003002.ref067]\]. Similar findings were identified among individuals receiving BPN in correctional institutions \[[@pmed.1003002.ref056]--[@pmed.1003002.ref059]\], including reduced opioid use \[[@pmed.1003002.ref056]\], increased treatment adherence \[[@pmed.1003002.ref057]\], and lower withdrawal symptoms/treatment side effects, compared to those receiving MMT \[[@pmed.1003002.ref058]\].

Studies evaluating the impact of opioid-related interventions post-incarceration identified that continuation of MMT decreases the risk of both overdose mortality \[[@pmed.1003002.ref069]\] and re-incarceration \[[@pmed.1003002.ref069],[@pmed.1003002.ref071]\]. Post-incarceration interventions involving BPN treatment also increase addiction treatment adherence, decrease opioid craving, and consequently reduce opioid use \[[@pmed.1003002.ref070],[@pmed.1003002.ref072],[@pmed.1003002.ref073],[@pmed.1003002.ref076]\]. Studies evaluating the impact of naltrexone implants post-incarceration should be conducted with larger sample sizes.

Overall, the review suggests positive effects of pharmacological interventions in mitigating harmful effects of problematic opioid use among the correctional population \[[@pmed.1003002.ref035],[@pmed.1003002.ref041],[@pmed.1003002.ref043],[@pmed.1003002.ref048],[@pmed.1003002.ref052],[@pmed.1003002.ref071]\]. The results are also consistent with observations in evaluations of opioid-related interventions provided to the general population, especially regarding reduced opioid-related mortality. Nonetheless, comparisons of intervention outcomes between these different populations are limited, considering that accessibility to services is more restricted in the correctional population, along with other program delivery and implementation barriers.

In any stage of the criminal justice continuum in which OAT interventions were provided, they were associated to reduced mortality risks \[[@pmed.1003002.ref026],[@pmed.1003002.ref035],[@pmed.1003002.ref036],[@pmed.1003002.ref054],[@pmed.1003002.ref068]\] and higher treatment adherence \[[@pmed.1003002.ref053],[@pmed.1003002.ref068]\]. In the same regard, MMT was found to also increase treatment adherence and retention \[[@pmed.1003002.ref038],[@pmed.1003002.ref039],[@pmed.1003002.ref043]--[@pmed.1003002.ref045],[@pmed.1003002.ref052],[@pmed.1003002.ref060]--[@pmed.1003002.ref062],[@pmed.1003002.ref065]--[@pmed.1003002.ref067]\], reduce re-incarceration \[[@pmed.1003002.ref052],[@pmed.1003002.ref060],[@pmed.1003002.ref067],[@pmed.1003002.ref069],[@pmed.1003002.ref071]\], and decrease overdose mortality when continued post-release \[[@pmed.1003002.ref069]\]. Receiving BPN was found to increase OUD treatment adherence and decrease opioid use \[[@pmed.1003002.ref037],[@pmed.1003002.ref040],[@pmed.1003002.ref047],[@pmed.1003002.ref057],[@pmed.1003002.ref070],[@pmed.1003002.ref072],[@pmed.1003002.ref073],[@pmed.1003002.ref076]\].

Our systematic review, thus, reinforces the positive impact of providing OAT in correctional settings. OAT decreases mortality rates, reduces opioid use, and improves addiction treatment intake and retention post-incarceration. Moreover, interventions such as immediate linkage with OAT services and the provision of preventive interventions (e.g., NLX kits) upon release are effective in decreasing overdose mortality in the often precarious weeks following incarcerated individuals' release. Findings from this review highlight the positive impact that re-entry programs may have on incarcerated individuals who are transitioning back to the community, especially since the post-release period is characterized by poor continuity of care, inadequate social support, and increased rates of opioid-related overdose and mortality \[[@pmed.1003002.ref012],[@pmed.1003002.ref013]\].

Previous studies have shown that the period immediately following release from jail or prison is a critical time point, during which opioid-related overdose deaths are highly prevalent, often as the result of lowered opioid tolerance developed during the incarceration period \[[@pmed.1003002.ref005],[@pmed.1003002.ref006],[@pmed.1003002.ref012]\]. Our review determined that providing NLX kits to incarcerated individuals upon release from a correctional institution may aid in reducing opioid-related deaths post-release \[[@pmed.1003002.ref074],[@pmed.1003002.ref075],[@pmed.1003002.ref079]\].

There is, however, significant variation across countries related to the criminal justice system, legislation towards addiction, and the healthcare system. While some countries, such as Canada \[[@pmed.1003002.ref052]\] and Australia \[[@pmed.1003002.ref036]\], offer OAT to incarcerated persons with OUD, in the US, prisons and jails frequently adopt an abstinence-only approach \[[@pmed.1003002.ref012]\]. This is of great concern, since the US has the highest incarceration rate in the world, with over 2 million incarcerated persons in jails and prisons \[[@pmed.1003002.ref080]\]. Despite the strong evidence of improved health, behavioral, and social outcomes, in 2019 the majority of US jails and prisons did not offer OAT to individuals with diagnosed OUD. According to Dr. Joanne Csete \[[@pmed.1003002.ref012]\], "Expanding access to treatment of opioid use disorder (OUD) is central to addressing the US overdose mortality crisis."

Our study corroborates this statement, identifying that incarcerated persons with OUD benefit from OAT, reaching similar levels of treatment adherence, health and social improvements as persons with OUD without incarceration history. Many persons with OUD will continue to be involved in the criminal justice system \[[@pmed.1003002.ref013]\] given the high rate of addiction relapse, recidivism, and re-incarceration \[[@pmed.1003002.ref012]\]. Legislators, policy makers, public health professionals, researchers, and criminal justice representatives need to work together to address the dual crisis of mass incarceration and opioid-related overdose. The lack of effective treatment and opioid overdose prevention strategies for incarcerated persons with OUD is referred to, by some experts, as an unacceptable human rights violation \[[@pmed.1003002.ref081]\], representing a key medical and public health concern \[[@pmed.1003002.ref012],[@pmed.1003002.ref013],[@pmed.1003002.ref082]\].

This review has several limitations. First, we did not assess for any risk of biases, as the included studies were heterogeneous in terms of study design and settings, participant characteristics (e.g., type of opioid used, history of opioid use, length of incarceration, time of release from correctional institution), methods of data analysis, and reporting of findings. Receiving or initiating OAT in short-term (jails) versus long-term (prisons) incarceration facilities might affect OAT effectiveness in ways that are beyond the scope of this systematic review, and the impact of OAT provided in these different settings should be further evaluated. Second, the international scope of the review limited the generalizability of results, considering the potential influence of country-specific contexts, such as varied criminal justice systems, drug laws, correctional policies, and healthcare access. Third, the determination of whether there was a meaningful effect for each study outcome was based on statistical significance, which does not necessarily represent clinical or population-level significance. Fourth, considering the differences in program delivery, we excluded any study that focused on individuals involved in other areas of the criminal justice system (e.g., probationers, parolees), which excluded a large number of studies that assessed the effects of treatment and prevention interventions for other criminal-justice-involved individuals with OUD. Moreover, this review does not contain any grey literature; thus, any relevant studies that may been conducted but are not published have been excluded from the results.

In spite of the above limitations, our review reinforces the key benefits of providing opioid-related interventions within correctional settings. Our study also highlights the need to implement and scale up evidence-based strategies to ensure incarcerated individuals with OUD are able to access adequate treatment and care during and post-incarceration. Inadequate linkage to and provision of care for problematic opioid use and OUD immediately post-incarceration continues to serve as a missed opportunity to address the high rates of overdose and mortality typically observed among incarcerated adults living with OUD within the first weeks following release. The delivery of opioid-related interventions in correctional institutions constitutes a unique opportunity to provide treatment for a high-risk sub-group of opioid users, thus contributing to reduced illicit opioid use and high-risk behaviors within correctional settings and in the community.
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Dear Dr. Malta,

Thank you very much for submitting your manuscript \"Opioid-Related Treatment, Interventions and Outcomes among Correctional Populations: A Systematic Review\" (PMEDICINE-D-19-02187) for consideration at PLOS Medicine.

Your paper was evaluated by a senior editor and discussed among all the editors here. It was also discussed with an academic editor with relevant expertise, and sent to independent reviewers, including a statistical reviewer. The reviews are appended at the bottom of this email and any accompanying reviewer attachments can be seen via the link below:

\[LINK\]

In light of these reviews, I am afraid that we will not be able to accept the manuscript for publication in the journal in its current form, but we would like to consider a revised version that addresses the reviewers\' and editors\' comments. Obviously we cannot make any decision about publication until we have seen the revised manuscript and your response, and we plan to seek re-review by one or more of the reviewers.

In revising the manuscript for further consideration, your revisions should address the specific points made by each reviewer and the editors. Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments, the changes you have made in the manuscript, and include either an excerpt of the revised text or the location (eg: page and line number) where each change can be found. Please submit a clean version of the paper as the main article file; a version with changes marked should be uploaded as a marked up manuscript.

In addition, we request that you upload any figures associated with your paper as individual TIF or EPS files with 300dpi resolution at resubmission; please read our figure guidelines for more information on our requirements: <http://journals.plos.org/plosmedicine/s/figures>. While revising your submission, please upload your figure files to the PACE digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <PLOSMedicine@plos.org>.

We expect to receive your revised manuscript by Oct 15 2019 11:59PM. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

We ask every co-author listed on the manuscript to fill in a contributing author statement, making sure to declare all competing interests. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. If new competing interests are declared later in the revision process, this may also hold up the submission. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT. You can see our competing interests policy here: <http://journals.plos.org/plosmedicine/s/competing-interests>.

Please use the following link to submit the revised manuscript:

<https://www.editorialmanager.com/pmedicine/>

Your article can be found in the \"Submissions Needing Revision\" folder.

To enhance the reproducibility of your results, we recommend that you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see <http://journals.plos.org/plosmedicine/s/submission-guidelines#loc-methods>.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

We look forward to receiving your revised manuscript.

Sincerely,

Clare Stone PhD

Acting Chief Editor

for

Richard Turner, PhD

Senior Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)
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AE comments:

1\. Please include in an Appendix document a list of the 38 studies deemed ineligible for reasons of aim/outcome/intervention focus.

2\. The first paragraph provides a reasonable summary of the evidence about health among incarcerated persons. But at least one additional point of the manuscript (or a point that the manuscript \_should\_ make) is that people with OUDs who have recently been incarcerated are a uniquely vulnerable population. Detoxification without linkage to OAT increases overdose risk substantially (Merrall EL et al, Addiction. 2010;105(9):1545-54. Binswanger IA et al, Ann Intern Med. 2013;159:592-600), but neither OAT nor linkage are commonly provided (Aronowitz SV et al, J Correct Health Care. 2016;22(2):98-108. Friedmann PD et al, Subst Abus. 2012;33(1):9-18).

3\. At some point in the introduction or discussion, the authors should make the point that OAT has been found to reduce mortality in non-criminal justice involved populations (eg., Larochelle MR, Ann Intern Med. 2018;169(3):137-45. Sordo L et al, BMJ. 2017;357:j1550. Ma J et al, Mol Psychiatry, in press, doi:10.1038/s41380-018-0094-5). Benefits on a wide range of other non-mortality outcomes have also been described, including HIV transmission risk behavior. The discussion in particular would be enhanced if the authors contrasted their findings with studies of non-criminal justice involved populations. It is well known that OAT reduces mortality. It should not come as a surprise that OAT reduces mortality among those who have been incarcerated or recently released. \*\* It would be useful if the authors could contextualize their findings in light of this other literature\-- are the effect sizes observed among incarcerated/released persons larger or smaller than in non-incarcerated populations (and why)? \*\*

Please note that I am \_not\_ requiring that the authors cite the specific manuscripts listed above. Many are big papers in the field, but if the authors have alternative citations to support these claims, those could certainly be defended.

4\. R3 requests that the phrase \"during incarceration\" be changed, but in my opinion it appears that there are several instances in the manuscript where the phrase \"during incarceration\" is appropriate and does not need to be changed.

5\. I am in agreement with R3 that the Discussion\--particularly paragraphs 2-4\--is better described as a rehashing of the Results rather than a summative synthesis of the findings. Please rewrite as appropriate, synthesizing the findings across studies/across interventions/across timepoints in the criminal justice system cascade.

Editorial comments:

Title -- please provide country setting Abstract -- related to above point, you open the abstract by mentioning the US specifically. Please state if the studies you select are based on US cohorts. I see some are from NSW, so perhaps the opening of the abstract could have a more global perspective?

Abstract -- please avoid a list like approach using numbers to list points and please provide a sentence of limitations as the final sentence of the Methods and Findings section of the abstract. Finally please avoid using causal language as this is a systematic review (strong evidence)

At this stage, we ask that you include a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract. Please see our author guidelines for more information: <https://journals.plos.org/plosmedicine/s/revising-your-manuscript#loc-author-summary>

There is perhaps some kind of formatting issue in the methods section ((i.e. exp Opiate Substitution Treatment/, buprenorphine\$, methadone\$, naltrexone\$, naloxone\$) among incarcerated and post-incarceration populations (i.e. jail\$, prison\$, offender\$, probat\$, felon\$, detention\$, imprison\$, postincarcerat\$) who use opioids (i.e. exp Opioid-Related Disorders/, opiate\$, opioid\$)) -- please correct here and elsewhere, as needed.

Please provide 95% Cis as well as p values for all quantifiable data.

Please use the \"Vancouver\" style for reference formatting, and see our website for other reference guidelines <https://journals.plos.org/plosmedicine/s/submission-guidelines#loc-references>

Thank you for providing the PRISMA checklist -- please use sections and paragraphs instead of page numbers, as these can change on revisions or publication.

Comments from the reviewers:

Reviewer \#1: See attachment

Michael Dewey

Reviewer \#2: This is a systematic review of peer reviewed literature in the past decade (2008-2018) of opioid use interventions delivered during and post incarceration/release among adult correctional populations. The 45 selected studies from the 2,323 articles reviewed provide strong support for the positive impact of opioid related interventions during and post release from incarceration. The selections of the studies and the descriptions of the studies are appropriate, as are the conclusions.

It is important to note that incarceration and criminal justice involvement, in many countries, especially in the US, is part of the natural history of this disease. The introduction describes the \"correctional population\" as if they are a different species almost, and clearly there are differences, but it is important to keep in mind that this is the same disease.

It would be helpful to include in one of the tables whether the study was done in a jail, a prison population or combined, or other population. There should also be some brief discussion of the differences between interventions in jails (much larger numbers and shorter times incarcerated) and prisons (smaller numbers, more time to work with people).

p-5-6, sentence about linkage points should include probation and parole (as part of the \"etc\").

p-8, why did the authors decide to exclude drug courts and probation and parole? I agree with that choice but that should be described. \[also, the authors should consider doing 2 more systematic reviews- one on drug courts and one on probation and parole- those would also be substantial contributions to the field\]

p-8, line 4, when \"initiated\" is used, does that include people who were continued on medications during incarceration? I believe it does or should, and just needs to be explicit.

p-8, lines 8-10, should also explain why all of these studies are excluded

p-32, line 19 uses the term \"offenders\". Although that term is frequently used, it should be avoided as 1) it is further stigmatizing of an already severely stigmatized population, and 2) it is not always accurate, as many people are erroneously incarcerated even though they have not committed an offense.

Person first language is better. IE an incarcerated person.

p-37 line 16 typo \"to into\"

p-42, line 5, avoid the term \"offenders\"

p-42, line 10, what is \"criminal recidivism\"? is that re-incarceration? re-incarceration based upon new charges, a new conviction, or does it include also people incarcerated for parole or probation violations?

p-44, lines 5, 7, and 8, these percentages (and probably most in the article) should be rounded to whole numbers. The decimal points imply a degree of accuracy that the data certainly does not support and they are distracting.

Page 48, line 2- again, I would suggest a seperate paper reviewing treatment of opioid use disorder in probation and parole because the numbers of individuals is much larger.

p-48, line 13, \"post-continues\" is a typo

Reviewer \#3: This is an important paper on a very important topic. However, the paper needs to be strengthened before it is ready for publication:

1\) the terms used throughout are not consistently used or defined. A few examples: a) the current paradigm we are in is an overdose crisis, not an opioid crisis. Would change language throughout to emphasize this; b) suggest using person first language throughout rather than inmate, etc.; c) Often the authors talk about opioid use \"during incarceration\", but they don\'t mean this\--they mean \"among people with criminal justice experience. This should be changed throughout; d) they also often refer to \"opioid use interventions\", but this is not comprehensive enough. They mean opioid-related interventions more broadly because many interventions (for example, naloxone distribution) aren\'t targeting opioid use, but instead preventing overdose; e) finally, suggest using one term to refer to the criminal justice system throughout rather than incarceration, corrections, etc.

2)In the methods they ought to explain why they looked at the years 2008-2018 and why they included only folks within 90 days of release.

3\) On page 5 when talking about the criminal justice system continuum, they should refer to and/or be familiar with Brinkley-Rubinstein (2018) Criminal Justice Continuum for Opioid Users at Risk of Overdose: <https://www.ncbi.nlm.nih.gov/pubmed/29544869>

4\) When describing the particular studies in the result it is important to be very precise. For example, in the implant naltrexone section, the authors refer to how those with the implant were more likely to uptake treatment in the community, but it is unclear at what time point (one month, six months??) and whether they mean naltrexone specifically or any MAT. This precision should be applied to all text when referring to specific studies.

5\) The discussion, in many ways, rehashes the results instead of expanding them and making recommendations for how they might be used to expand MAT program implementation. Suggest, adding more in this vein.

6\) Finally, perhaps the biggest flaw of this paper, is the fact that there is no attention paid to country-specific context. For example the implantable naltrexone study (which there\'s only one of by the way) comes out of Norway, which has both a very, very different criminal justice landscape than the US and also more affordable access to healthcare. So, these results cannot be broadly applied to the US context\--the authors must take the US context into consideration especially since the US overdose epidemic is the motivation for the paper in the first place. Therefore, for this paper to be acceptable for publication there must be some contextual overlay of the US criminal justice system and the lack of access to MAT in both corrections-based and community-based settings in the US.

Any attachments provided with reviews can be seen via the following link:

\[LINK\]
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4 Nov 2019

Dear Dr. Malta,

Thank you very much for re-submitting your manuscript \"Opioid-Related Treatment, Interventions and Outcomes among Incarcerated Persons: A Systematic Review\" (PMEDICINE-D-19-02187R1) for consideration at PLOS Medicine for our upcoming special issue on substance mis/use.

I have discussed the paper with editorial colleagues and our academic editor. I am pleased to tell you that, provided the remaining editorial and production issues are dealt with, we expect to be able to accept the paper for publication in the journal.

The remaining issues that need to be addressed are listed at the end of this email. Any accompanying reviewer attachments can be seen via the link below. Please take these into account before resubmitting your manuscript:

\[LINK\]

Our publications team (<plosmedicine@plos.org>) will be in touch shortly about the production requirements for your paper, and the link and deadline for resubmission. DO NOT RESUBMIT BEFORE YOU\'VE RECEIVED THE PRODUCTION REQUIREMENTS.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

In revising the manuscript for further consideration here, please ensure you address the specific points made by each reviewer and the editors. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments and the changes you have made in the manuscript. Please submit a clean version of the paper as the main article file. A version with changes marked must also be uploaded as a marked up manuscript file.

Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. If you haven\'t already, we ask that you provide a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract.

We hope to receive your revised manuscript within 1 week. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

We ask every co-author listed on the manuscript to fill in a contributing author statement. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

Please let me know if you have any questions. Otherwise, we look forward to receiving your revised manuscript shortly.

Kind regards,

Richard Turner, PhD

Senior Editor, PLOS Medicine

<rturner@plos.org>
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Requests from Editors:

You mention \"prisons and jails\" in your abstract, which might lead readers to wonder about potential differences between the two (also relevant to table 1). To avoid this, you could use a different term in the abstract, such as \"correctional facilities\", and perhaps add a sentence to your methods or results section to summarize the types of facility included in the studies and possibly relevant differences between them.

To the abstract, please add some additional details summarizing the countries or regions in which the constituent studies were done; the number or proportions of those with randomized and observational research designs, respectively; the study sizes or aggregate numbers of participants; and breakdowns of the participants by sex.

Please make that \"fewer non-fatal overdoses\" in the abstract; and quote the months of the start and end of the search period.

We ask you to restructure your abstract so that the sentence summarizing study limitations is the final sentence of the \"methods and findings\" subsection. We suggest that lack of information about incarcerated populations that have not been the subject of published research could be quoted as a possible limitation.

The final two to three sentences of the \"methods and findings\" subsection of your abstract would appear to fit better into the \"conclusion\" subsection, and we ask you to move this text accordingly. Please begin the \"conclusion\" subsection with \"In this study, we found that \...\" or similar, and restrict this to around three sentences.

Please refer to the attached Prospero and PRISMA documents early in your methods section.

In the final sentence of the first paragraph of your discussion section, please adapt the wording to \"be engaged and retained\", or similar.

On p.57 of the PDF, please begin a new paragraph quoting the study\'s limitations.

Throughout your reference list, please abbreviate journal names consistently (e.g., \"N Engl J Med\" for reference 15). Please also add commas after the final author name preceding \"et al.\" where needed, e.g., for reference 20.

Please add additional information for reference 32 as available.

Please adapt your attached PRISMA checklist so that individual items are referred to by section (e.g., \"Methods\") and paragraph number rather than by page or line numbers, as the latter generally change in the event of publication.

\*\*\*

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1003002.r004

Decision Letter 2

Turner

Richard

Senior Editor

© 2019 Richard Turner

2019

Richard Turner

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Dear Dr. Malta,

On behalf of my colleagues and the academic editor, Dr. Alexander C. Tsai, I am delighted to inform you that your manuscript entitled \"Opioid-Related Treatment, Interventions and Outcomes among Incarcerated Persons: A Systematic Review\" (PMEDICINE-D-19-02187R2) has been accepted for publication in PLOS Medicine.

PRODUCTION PROCESS

Before publication you will see the copyedited word document (in around 1-2 weeks from now) and a PDF galley proof shortly after that. The copyeditor will be in touch shortly before sending you the copyedited Word document. We will make some revisions at the copyediting stage to conform to our general style, and for clarification. When you receive this version you should check and revise it very carefully, including figures, tables, references, and supporting information, because corrections at the next stage (proofs) will be strictly limited to (1) errors in author names or affiliations, (2) errors of scientific fact that would cause misunderstandings to readers, and (3) printer\'s (introduced) errors.

If you are likely to be away when either this document or the proof is sent, please ensure we have contact information of a second person, as we will need you to respond quickly at each point.

PRESS

A selection of our articles each week are press released by the journal. You will be contacted nearer the time if we are press releasing your article in order to approve the content and check the contact information for journalists is correct. If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact.

PROFILE INFORMATION

Now that your manuscript has been accepted, please log into EM and update your profile. Go to <https://www.editorialmanager.com/pmedicine>, log in, and click on the \"Update My Information\" link at the top of the page. Please update your user information to ensure an efficient production and billing process.

Thank you again for submitting the manuscript to PLOS Medicine. We look forward to publishing it.

Best wishes,

Richard Turner, PhD

Senior Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)
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